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Preface
Directive 2009/28/EC on the promotion of the use 
of energy from renewable energy sources (RES 
Directive) not only set the mandatory targets for 
the European Union’s Member States, but also 
drafted a trajectory how to reach the targets for 
each of them and requires Member States to adopt 
a National Renewable Energy Action Plan (NREAP), 
setting out sectoral targets and measures for 
achieving these targets. 
The National Renewable Action Plans were to be 
submitted to the European Commission by 30 June 
2010 using a Template established in accordance 
with Article 4 of the Directive. 
This report on the Technical Assessment of the 
National Renewable Energy Action Plans is based 
on the data provided by the Member States in 
their reports and gives an overview about the 
environmentally and economic competitive 
developments and potential in the different 
renewable energy technologies from the base year 
to the year 2020. 
The opinion given in this report is based on the 
current information available to the author, and 
does not represent any official position of the 
European Commission.
The data used in this report consider the first 
submission of the NREAPs, the data in the 
resubmission phase – thus after the cut off date – 
have not been considered in this report.
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Executive Summary
National Renewable Energy Action Plans (NREAP)1 
were to be adopted in accordance with Article 4(3) 
of Directive 2009/28/EC2 in each Member State by 
the end of 2010. Each Member State were to set its 
national target for the share of energy coming from 
renewable energy sources consumed in electricity, 
heating and cooling, and the transport sector. The 
Member State was to provide a yearly target up to 
2020, and explain how it would be reached. 
The JRC conducted a technical assessment of the 
National Renewable Energy Action Plans. The 
assessment had three main goals:
1. to verify the achievement of an overall EU27 tar-
get of 20 % and the Member States targets, 
2. to compare the proposed renewable resources 
with resource estimates, and 
3. to make a comparative analysis between the data 
reported and the technically environmentally 
available and economically competitive 
resources. As a conclusion of the analysis, 
the possible risks (like capital, resources 
and technology risk) of the introduction and 
development of renewable energy technologies 
have been identified.
In order to assess the level of ambition to meet 
the national targets and to analyse the related risks, 
a pool of reference data and indicators, established 
by different EU organisations and calculated based 
on JRC internal expertise, have been introduced and 
used for each technology. Growth rate calculations 
are used to assess the planned development of the 
source and establish an evaluation benchmark.
The energy consumption contained in the NREAPs 
data were assessed and compared to the National 
Energy Efficiency Action Plans and other projections 
coming from the most recent modelling studies. The 
assessment followed the different renewable energy 
sources by sectoral breakdown, and in aggregate. 
The total gross final energy consumption is 
expected to grow compared to 2005 in the EU 27 
according to the NREAPs. Heating and cooling will 
1  http://ec.europa.eu/energy/renewables/transparency_
platform/action_plan_en.htm.
2 Directive 2009/28/EC of the European Parliament and 
of the Council of 23 April 2009 on the promotion of the 
use of energy from renewable sources and amending 
and subsequently repealing Directives 2001/77/EC and 
2003/30/EC.
represent the highest sectoral share in the gross 
final energy consumption, of 48 % by 2020. Energy 
consumption in electricity sector should grow by 
7.1 % between 2010 and 2020, in the heating and 
cooling, and transport sector should decrease by - 
4.1 % and - 0.5 % respectively.
In 2010 the EU27 had a Renewable Energy Resource 
(RES) share of 11.6 % and in 2020 is projected to 
reach 20.7 %. The RES share is expected to reach 
34 % in electricity sector,   11.7 % in transport 
sector, and 21.4 %in heating and cooling sector. In 
RES electricity, wind has the highest contribution 
followed by hydro and biomass. In RES Heating and 
Cooling, the main source is biomass with 81 %, also 
in RES transport with a share of 88 % (biodiesel 
66% ethanol 22 %). 
Biomass and biofuel accounts for almost 60 % of 
the RES mix (biomass represents 45 %; biofuels 
12 %). Compared with the environmentally and 
commercially available biomass potential in the EU, 
the proposed targets for bioenergy and biofuels 
could be reached using domestic biomass in the 
EU27. However the bioenergy presented cannot be 
covered in all countries by the competitive resources 
available which can represent a resource risk. 
In 2020 about 463 Petajoules (PJ) in biofuels are 
estimated to be imported by the MS in order to reach 
the 10% binding target; one third of the countries 
rely on import of biofuels. This represents 37% of 
the biofuel use in the EU in 2020. However, a part 
of this could come from internal EU trade and a part 
imported from other countries to the EU. Second 
generation biofuels may imply a technology risk.
Hydro energy represents 12 % of the RES mix in 
2020 in the EU27. Hydropower is a well-experienced 
technology with little remaining untapped potential 
and as a result almost no increase is expected. 
Onshore wind contributes to the RES mix with 12% in 
2020. The reported generation potential of 338,900 
Gigawatt-hour (GWh) by 2020 represents 3.8 % of 
the competitive potential at l8,900 Terra-watt-hour 
(TWh). In the spread of onshore wind technology, 
grid development is needed. 
The reported offshore wind energy by 2020 is 483 
PJ in EU27, which represents 4.7 % of the renewable 
energy mix, with a yearly average growth of 30%. 
In a number of countries, offshore wind will not 
be introduced before 2015. In these countries no 
technology risk is expected as the installation is an 
78JK(J"7"&"4#"(J"L@&.
already established technology.  However the late 
start of the installation may lead to a capital risk in 
achieving the 2020 targets. 
In the PV technology the foreseen 84.4 GW installed 
capacity in EU27 by 2020 is 2.3 % of the potential 
(3,900 GW), which technically can be reached with 
the current support scheme. Some countries show 
a potential exploitation exceeding 10%. Almost all 
of the MS remain far under potential, sometimes by 
a factor of ten.
Solar thermal contribution of 2.4 % of the 20 % 
target for RES in 2020 is indicated, corresponding 
to 59 TWh. The NREAP data presented for the solar 
thermal share gives 73 TWh.
The highest average growth is expected in the 
Concentrated Solar Power (CSP), marine and 
offshore wind technologies; however these 
technologies start from relative low levels. In 
more EU Member States the late introduction of 
geothermal technology in electricity production, 
of CSP technology for solar electricity, of marine 
technology, and in some cases of onshore and 
offshore wind resources may lead to capital risk.
Some MS have indicated the possibility for 
statistical transfer (between Ms or 3rd counties) and 
rely on the exploitation of own resources. Some MS 
which would not achieve their targets, prescribed 
by the present trajectory, indicate the requirement 
for using this exchange. As an overall objective of 
20% energy from renewable resources to be met by 
the sum of all MS targets, there is this possibility to 
negotiate such a statistical exchange.
According to the National Renewable Energy Action 
Plans of the Member States renewable energy 
should grow at a faster pace in the years up to 2020 
than in the past and the EU will exceed the 20% 
target in 2020. Almost half of the Member States are 
planning to exceed their own targets and be able to 
provide surpluses for other Member States.
An important cornerstone to achieve the 2020 
targets is the achievement of the ambitious energy 
efficiency targets, also laid down in the Action 
Plans. EU energy consumption in 2020 is projected 
to decrease to 95% of the 2005 level. 
At the end of 2010 the European Union Member 
States estimated that about 640 TWh or 20% of 
electricity came from renewable energy sources 
out of which 310 TWh were non-hydro sources. 
To reach the 2020 targets renewable electricity 
should increase to 1,200 TWh in total and 850 TWh 
non-hydro sources, or 37 % of Europe’s electricity 
mix. Overall, this would correspond to total annual 
growth rates of 6.5% and 10.6 for non hydro 
sources, which for most technologies seem very 
moderate.
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Technical Assessment of the Renewable Energy Action Plans
In the Heating and Cooling sector at the end of 
2010 the EU MS estimated that about 2,840 PJ or 
12,5% came from RES. To reach the 2020 targets 
renewable Heating and Cooling should increase 
to 4,680 PJ, this would correspond to total annual 
growth rates of 5.1%, which for most technologies 
seem challenging.
In the transport sector 2020 targets, renewable 
transport fuels should increase to 1,380 PJ from 
644 PJ in 2010, corresponding to total annual growth 
rates of 7.9%. This seems to be challenging as well.
Introduction
This report contains a technical assessment of the 
National Renewable Energy Action Plans (NREAP)3, 
with special focus on: 
• Establishing a database with the NREAP data;
• Comparing the proposed renewable resources 
with resource estimates done at the JRC; 
• Verifying the achievement of an overall EU27 
target of 20 %; 
• Assessing the consistency of the energy re-
duction assumptions with the “National En-
ergy Efficiency Plans”, delivered by the MSs in 
2009/2010, which have been also evaluated by 
the JRC;
• Identifying the possible risks of the introduction 
and development of RES technologies.
In accordance with Article 4(3) of Directive 
2009/28/EC and of Council discussions of 23 April 
2009 on the promotion of the use of energy from 
renewable sources, each Member State had to 
adopt a National Renewable Energy Action Plan 
and submit it to the Commission by 30 June 2010, 
using a template according to the Commission 
Decision of 30 June 2009.
However, due to a variety of circumstances, the 
delivery of MS NREAPs spanned a period from April 
2010 to January 2011. 
In the National Renewable Energy Action Plans, 
each Member State set its national target for the 
share of energy coming from renewable energy 
sources consumed in electricity, heating and 
cooling, and the transport sectors, and they have 
to update every second year up to 2020 These take 
into account the effect of energy efficiency related 
measures on final consumption of energy compared 
to the indicative trajectory. The Member States thus 
announce the excess or deficit production which 
can be used in the cooperation mechanism or in the 
statistical transfer.
The study uses a transparent approach to establish, 
develop and use reference data and indicators, in 
order to make a comparative analysis between 
the technically environmentally available, and 
3  http://ec.europa.eu/energy/renewables/transparency_
platform/action_plan_en.htm.
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economically competitive resources and the data 
reported. 
The report is structured as follows:
After the description of the objectives and the policy 
background, Chapter 2 describes the methodology 
and introduces the reference data, indicators and 
risk definitions, together with the calculations. The 
data from the NREAP tables were taken into account, 
correcting where necessary, miscalculations and 
misinterpretation.  
Chapter 3 describes the results of the assessment 
about the development of the consumption and 
the renewable energy technologies from the base 
year to 2020, with a sectoral analysis for each 
technology. 
Chapter 4 summarises the comparative analysis 
of the trajectory and RES share, followed by the 
summary in Chapter 5. 
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This report analyses the NREAP reports based on their initial submissions which concluded 
in January 2011, and without the follow-up Member States revisions. Member States received 
feedback and are now moving to deliver the requested clarifications and, in some cases, to 
resubmit their Action Plans; this feedback and clarifications are not included in this report. 
The MS first submission was the focus of this analysis because
• this analysis gave a good feedback about the possible lack of clarifications and misinterpreta-
tion of the data requested and the calculations, and
• we wanted to have a picture the same status for each Member State – as the re-submission 
phase is still ongoing.
As the revision is still ongoing, our revised report will be available as soon all Member States 
revision will be submitted.
BA#'6$'B5.-A
In this report the data are in PJ (Petajoules) and for electricity we use also Wh (Watt-hours), 
even though the NREAPs and the future reporting templates require Mtoe (Million tonnes of oil 
equivalent). Since 1 Jan 2010 (after the end of the transition period of the Directive 2009/9/EC) the 
only permissible energy units in the MS are “J” and “Ws”, with the extensions to “Wh”.  Annex 7 
refers to the conversion factors applied in the analysis. 
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1. Objectives of the work
• Check that the plan shows that the Member 
State is intending to comply with (a) its national 
overall target for 2020; (b) its target for renew-
able energy in transport in 2020; and (c) its in-
dicative trajectory;
• Evaluation of the national renewable energy tar-
gets related to the availability of renewable en-
ergy resources and in terms of the technologies 
envisaged so as to establish an indicator-based 
assessment of targets;
• Resource analysis for Solar PV/Thermal/Ther-
modynamic, Wind, Bio-energy, and Geother-
mal, including the definition of indicators for 
exploitation;
• Comparison of the NREAP with the proposed 
National Energy Efficiency Plans, consistency 
checks and analysis by consumption type (elec-
tricity, heating & cooling, transport);
• Analysis of the assumptions concerning energy 
efficiency (in relation to the Energy Efficiency 
Action Plans) and of the assumptions concern-
ing economic growth; 
• Evaluation of how far the additional energy effi-
ciency scenarios are taken into account in order 
to reach the national goals and trajectories; 
• Establishment of figures of merit for the base-
line data which will serve internally to the Com-
mission for further references and modelling, 
including economic impact;
• Analysis of MSs’ estimates of the share of re-
newable energy in transport, including expect-
ed bio-ethanol/biodiesel ratios, anticipated 
pathways and imports.
D(D' !6M.&2'%AT#&-AU'R#N.AM%-.65'
Directive 2009/28/EC on the promotion of the 
use of energy from renewable energy sources [1] 
(RES Directive) requires Member States to adopt a 
National Renewable Energy Action Plan (NREAP), 
setting out sectoral targets and measures for 
achieving these targets. 
As a first step, all Member States prepared their 
NREAP forecast documents [2]  and submitted them 
in accordance with Article 4(3) of the Directive. The 
analysis is summarised in the Renewable Energy 
Snapshots 2010 [3] .
According to the Directive, the share of the RES 
in overall energy consumption should be at 
least 20 % and the share of renewable energy in 
the transport sector at least 10 %, applying the 
adjusted calculation described in Article 3 of the 
RES Directive and the Template.  
There are individual RES targets for the 27 EU 
Member States (see Table 31) with the exception 
that the RES target in the transport sector is set in 
all Member States at 10% each. 
According to the Article 22 each Member State shall 
submit a report to the Commission on the progress 
in the promotion and use of energy from renewable 
sources by 31 December 2011, and every two years 
thereafter in order to measure compliance with the 
trajectory set out in the NREAPs and the overall 
progress towards 2020 targets. 
D(K' 0,F1.AA.65'6$'>?*@!A'
The National Renewable Action Plans [4] were 
requeseted to be submitted to the European 
Commission by 30 June 2010 using a Template4 
[5] established in accordance with Article 4 of 
the Directive. All Member States submitted their 
NREAPs by the end of 2010, most in their national 
language. All the translated NREAPs were available 
by mid-May 2011.
Most of the MSs used this form properly and 
provided the complete set of requested data. The 
biggest discrepancy was in missing data for the 
gross final energy consumption under the Reference 
Scenario, the energy consumption and renewable 
data for the base year (2005), in some other cases in 
the correct calculation in Tables 3, 4a and 4b of the 
NREAPs, and presenting the hydro pump storage 
not counted in the RES hydro. 
The submission is summarised in Table 1.
4  http://eur-lex.europa.eu/LexUriServ/LexUriServ.
do?uri=CELEX:32009D0548:EN:NOT.
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Table 1:  Submission history of the National Renewable 
Action Plans (according to the appearance on the 
Transparency Platform in the original languages) in 2010
K(D' ;#$.5.-.65A
Prior to the description of the methodology the 
following groups of definitions, related to the 
scenarios used in the NREAPs and the possible 
risk categories established during the assessment, 
need to be clarified: 
Scenario definitions
In the NREAPs the Member States were requested 
to submit two scenarios for energy consumption 
up to 2020. As described in the (2009/548/EC) 
COMMISSION DECISION of establishing a Template 
for National Renewable Energy Action Plans under 
Directive 2009/28/EC,
the Reference Scenario takes into account/
considers only the energy efficiency and saving 
measures adopted before 2009,
the Additional Energy Efficiency Scenario considers 
all energy efficiency and saving measures adopted 
after 2009. 
The elaboration of the other parts of the NREAP is 
based on the additional energy efficiency scenario. 
Risk definitions 
Capital (economic) risk – a risk caused by the late 
start of introduction of a technology which has 
already large-scale commercial application, or 
introducing a not cost competitive technology. 
Resource risk – a risk originated from the fact when 
the reported targets cannot be reached because 
there is not enough economically (cost competitive) 
and environmentally available potential.
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2. Methodology  
The JRC based its assessment of the NREAPs on a 
pool of reference data and indicators, which has 
been established by different EU organisations and 
calculated based on JRC internal expertise. Taking 
into account these indicators and their projection 
until 2020 (2030), within a comparative analysis, 
the data from the NREAP have been assessed for 
their technical, environmental and commercial 
competitiveness. 
As a general rule, the assessment followed the 
different renewable energy sources within the 
sectoral breakdown, and also in the aggregate. 
For each renewable source and sector, there was 
examined whether a policy (capital) risk, resource 
risk or technology risk existed during the time-scale 
considered by the NREAPs. 
Furthermore, for the sake of consistency, the energy 
consumption contained in the NREAP data were 
assessed and compared to the NEEAP and other 
projections coming from the most recent modelling 
studies.
For the base year (2005) and 2010 a cross-check was 
made between the NREAP and available statistical 
data (EUROSTAT, EURObserver, IEA statistics, etc.). 
The inconsistencies have been recorded and noted 
in the MS assessments.
Data and information have been assessed using 
the technical expertise developed by scientific/
technical networking through collaborations/
contacts with EEA, IEA, OECD, EU projects, national 
institutions (thematic associations, research 
centres and universities) or European associations, 
as well the EurObserver barometers. 
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In the case of biomass, the resource risk should 
be considered in association with the biomass 
mobilisation risk:  the risk that the amount of 
mobilisation of biomass resources needed to 
bring the available resources from the production 
to the places where they could be conveniently 
transformed and exploited cannot be reached 
without a strong support scheme.
Technology risk – appears when the increase counts 
on a technology which is still in the development 
phase and has no large-scale commercialisation yet 
but a sudden take off in the growth rate is foreseen 
in the operation in a few years.
In the case of biomass resources the reliance on 
import/import dependency has been also analysed.
In some cases for a resource or technology more 
than one risk can be applied, rising to combined 
risks. 
A later start of an already established technology 
means no technology risk, but could mean a capital 
risk in achieving the 2020 targets. 
K(K' 457.&%-6"A
Indicators have been introduced in order to assess 
the level of ambition to meet the national targets, 
and to help  quantify the cost-effectiveness at a later 
stage. The envisaged technologies are assessed 
with the following simplified figures of merit: 
)M)M+M( <?4=(Q4"&:O(?4=?#/.@&C
The proposed quantities as fractions of the 
“Competitive Potential 2020”, as described in the 
EEA Technical Report 6/2009 [Europe’s onshore and 
offshore wind energy potential, p. 48 for onshore 
wind, p. 49, for offshore wind]. [6] 
The values for this indicator are reported in Chapter 
2.3.5.
)M)M)M( 0@6/&("6"#.&?#?.O(SNT'(K0NU(?4=?#/.@&C
The proposed quantities as a fraction of the MS total 
electricity consumption, adjusted by a coefficient 
for solar radiation yield averaged over the MS’s 
area [14]. 
The values for this indicator are reported in Chapter 
2.3.4.1.
)M)MVM( 0@6/&(GE"&$/6(?4=?#/.@&C
The proposed quantities as a fraction of 1 m2/capita, 
adjusted by a coefficient for solar radiation yield 
averaged over the MS area. 
The values for this indicator are reported in Chapter 
2.3.4.2
)M)MWM( D?@;"4"&:O(S:/C'(6?X5?=C'(C@6?=CU
The proposed quantities as a fraction of total 
agricultural production, using a country average 
yield and agricultural area [7] 
)M)MYM( BO=&@
The proposed quantities as the percentage of 
existing Hydro-capacity. 
)M)MZM( H.E"&
For the marine, geothermal5 resources the proposed 
quantities as a fraction of the country’s R&D 
spending on the related technology/Capita. 
K(O' V"6H-<'"%-#
For each energy source, the yearly and the 
compound average growth rates (CAGR) have been 
calculated during the reporting period. The growth 
rate calculations are used to assess the planned 
development of the source, establish an evaluation 
benchmark/threshold and analyse the risks related 
to each technology. 
As an example, in the case of an already 
established technology, a yearly growth rate 
higher than 30 % could be considered as the 
indication of a possible resource or capital risk, 
i.e., that the support scheme can not adapt 
enough fast.
The growth rate assessment is reported in the 2.3.2 
Chapter.
5 There is a European atlas of geothermal energy 
existing which assesses the theoretical under-ground 
temperatures as function of depth below ground-level. 
Neither the geographical coverage corresponds to EU27, 
nor any attempt is made to quantify the economic viability. 
Moreover, it covers land only.
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Unless otherwise stated, Eurostat data base 
year 2008/2009 was used for reference. As an 
indicative reference for 2020 for EU27, including 
energy efficiency, the EREC 2020 data [8] are used 
as enhanced by the 2008 statistics. This approach 
for detailing electricity, heating and cooling and 
transport sectors, fits the scope of the Directive 
better than the traditional industry / transport / 
tertiary sectoral approach.
)MWM+M( 3CC"CC$"4.(@7(.E"("4"&:O(#@4C5$L.?@4(
The gross final consumption of energy from 
renewable sources should be calculated (on the 
basis of Article 5 of Directive 2009/28/EC) as the 
sum of: (a) gross final consumption of electricity 
from renewable energy sources; (b) gross final 
consumption of energy from renewable energy 
sources for heating and cooling; and (c) final 
consumption of energy in transport. 
In order to assess the accuracy of the gross final 
energy consumption, as reported in Table 1 of 
the NREAPs for the period 2010-2020, it has been 
compared to information, based on past data 
(Eurostat final energy consumption), projections 
or expected savings reported in the National 
Energy Efficiency Action Plans (NEEAP). All data are 
converted into the same unit, ktoe.
Other sources of information used were:
• Final inland energy consumption reported in the 
National Energy Efficiency Action Plans6;
• Energy efficiency potential under the Low Policy 
Intensity potential (LPI). It has been assessed 
whether this potential is taken into account in 
the Energy Efficiency Scenario of the NREAPs.
• PRIMES Energy Trends to 2030 and projections 
based on Eurostat data. The trend under the 
PRIMES reference scenario has been evalu-
ated, as well as drawn a linear trend based on 
Eurostat final energy demand for the period 
1997-20087 when there was a linear trend. Both 
have been compared with the Additional Energy 
Efficiency scenario of the NREAPs.
6 Differently from gross final energy consumption final 
inland energy consumption does not include the energy 
sector’s own consumption and the distribution and 
transformation losses.
7 2008 is the last available year in Eurostat.
The trend in energy consumption reported in the 
NREAPs in 2015-2020, compared to the reference 
year 2005 has been looked as well.
References: 
• Database of Energy Efficiency Potentials: http://
eepotential.eu/esd.php [9], based on a study 
[10] commissioned by DG ENER (DG TREN) to a 
consortium coordinated by Fraunhofer Institute, 
the analysis of which relies mainly on the MURE 
simulation tool![11] (for MURE see http://www.
mure2.com/)
• PRIMES energy trends: http://ec.europa.eu/en-
ergy/observatory/trends_2030/index_en.htm 
[12], 
• NEEAPs: http://ec.europa.eu/energy/efficiency/
end-use_en.htm  [13] 
Table 2 below shows the template which is used 
for each country, with some references to the 
definitions.
• The gross energy consumption as reported in 
the NREAP under the AEE (Additional Energy Ef-
ficiency) Scenario was compared with the final 
inland energy consumption reported in the Na-
tional Energy Efficiency Action Plan;
• The gross energy consumption was evaluated 
as to what extent the additional energy efficien-
cy scenario was taken into account to reach the 
national goals and trajectories, based on com-
parison with PRIMES data on energy demand 
and data on economic savings potentials per 
Member State;
• As far as energy consumption trends are con-
cerned, a comparison was made with recent 
trends in final energy consumption, based on 
Eurostat data.
In all cases, a consistency test has been performed, 
i.e. verified that the order of magnitude is similar 
among the compared figures, if not the differences 
have been highlighted in our conclusions. For 
instance, we have compared the annual energy 
savings expected under the NEEAPs/ EE potential 
and the difference between the Reference Scenario 
and the EE Scenario reported in the NREAPs [23] .
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Table 2: Methodology summary table  
  for energy consumption
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The resources declared available in the NREAPs 
have been analysed according to their share among 
the RES in the given sector; the analysis starts with 
the one with the highest proportion and the highest 
growth rate. 
For solar PV the technical potential is compared to 
the expected installed capacity by 2020, taking into 
account how much land area can be used for PV and 
what is the PV output. 
References: PV GIS [14], PV Status Report 2010 [15], 
the RES Snapshots 2010 [3] and ECOFYS Reports 
[17] [31].
The wind contribution is evaluated based on the 
competitive generation potential reported by EEA. 
References: Europe’s onshore and offshore wind 
energy potential, EEA Technical Report No 6/2009. 
ISSN 1725-2237 [6] In the case of these intermittent 
sources, the share of demand is also evaluated 
based on the low winter/summer demand of 
electricity.
References: data from grid operators [18]
Biomass
The gross inland biomass consumption was 
estimated for 2010, 2015 and 2020. The estimated 
data were compared with the national data for 
the biomass primary production in 2005, 2007, 
2008 and 2009, as reported by AEBIOM [19] 
and EurObserv’ER [22] and the biomass supply 
reported in the NREAPs for 2020 (Table 7a: 
Estimated biomass domestic supply in 2015 and 
2020 (primary energy)). 
The estimates of the gross consumption of biomass 
required for meeting the RES targets was compared 
with the environmentally compatible biomass 
potential available in each Member State, e.g. the 
biomass available for energy production in 2020, 
without increasing pressures on the environment, 
as established in the EEA report “How much 
bioenergy can Europe produce without harming the 
environment?”  (EEA Report No 7/2006).  
References
EEA, 2006. How much bioenergy can Europe 
produce without harming the environment? EEA 
Report No 7/2006. [7] 
AEBIOM, European Biomass Statistics 2009. [19] 
ECN and EEA, Renewable Energy Projections as 
Published in the National Renewable Energy Action 
Plans of the European Member States, 2010. [20] 
Biomass Energy Europe – BEE project, http://www.
eu-bee.com/default.asp?SivuID=24156 [21] 
EurObserv’ER, The state of renewable energies in 
Europe 2010, 10th EurObserv’ER Report [22] 
Hydro, Geothermal, Marine 
In the case of hydro geothermal and marine 
energy only the growth rate were analysed without 
benchmark. 
)MWMVM( J"C@5&#"(/4/6OC?C(?4(E"/.?4:(/4=(#@@6?4:
Biomass 
Biomass availability is of key importance for 
meeting 2020 RES targets. Therefore, the main 
aim of this work was the assessment of biomass 
supply vs. biomass demand for meeting the 
NREAP proposed targets for the gross final energy 
consumption of biomass for electricity, heating 
and cooling and in transport. For this purpose, the 
gross inland biomass consumption in 2005, and 
expected for 2020, to meet the biomass targets was 
assessed, in comparison with the actual primary 
biomass production reported for 2005-2009 
(AEBIOM and EurObserv’ER), the biomass resources 
expected to be available in 2020 and the national 
environmentally compatible biomass potential 
(EEA). This was used to identify the potential gaps 
in supply that can be covered by import or additional 
measures for increased mobilisation, if necessary. 
The main steps of this work were: 
1. calculation of gross final energy consumption of 
energy from biomass in electricity, heating and 
cooling and in transport sectors; 
2. estimation of gross inland biomass 
consumption; 
3. comparison against the actual primary biomass 
consumption in 2005, 2007, 2008 and 2009; 
4. comparison against the national biomass 
potential; 
5. identification of potential gaps in biomass supply 
against demand. 
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Heat pump
In the case of energy from heat pumps, a growth 
rate is evaluated. 
A heat pump is a thermal conversion technology 
that consumes electricity (an apparatus uses 
thermal energy to perform the pumping work). It is 
mostly used in geothermal and aerothermal energy 
as energy sources. The heat produced might be 
considered as renewable heat. The heat produced, 
subtracted by the energy used to operate the heat 
pump, is considered as renewable heat according 
to Annex VII of the Renewable Energy Directive. 
Only heat pumps with a seasonal performance level 
above a certain level are considered as eligible. 
The term “renewable heat” covers all heat that is 
the result of a conversion process of renewable 
resources or that contain renewable resources 
(waste or hybrid power plants). It is important to 
describe the conversion processes or systems, 
including the conversion efficiency and the 
renewable energy input resource. 
Since the information and data come from different 
origins a lot of attention has to be given to accuracy 
of the data, conversion of parameter values and 
efficiencies of the heat conversion installations. 
Electricity supply from fossil power plants with 
an efficiency of 40% requires a heat pump with at 
least a COP of 2.5 (the heat-pump technology is 
advancing a lot and a COP of 3 to 4 can be reached 
nowadays). In Scandinavian countries with a major 
supply of electricity from hydro-power plants 
and more and more wind, the situation is much 
different and would favour the use of air-to-water 
heat-pump systems. In this context it is important 
to consider the energy mix of the Member State and 
sometimes also the regional availability of energy. 
In that context double counting of renewable 
energy statistical data should be considered as 
renewable electricity is converted into renewable 
heat. [25] [26] 
Solar thermal 
The renewable solar thermal contribution is 
assessed based on the EurObserver data and the 
annual growth data by the RESTMAC project. 
The installed EU average is approx. 45 kWth per 1000 
capita (2009) as it is presented in the Table 3. 
Table 3: Overview of solar 
thermal installed capacity 
by EURObserver
Population
EurObserver
Installed
2008 2009
*1000 m
2
/1000 cap
kW(th)
/1000 cap
Belgium 10,667 30.9 21.7
Bulgaria 7,640 4.8 3.4
Czech Rep 10,381 48.9 34.2
Denmark 5,476 87.3 61.1
Germany 82,218 157.8 110.4
Estonia 1,341 1.6 1.1
Ireland 4,401 27.2 19.0
Greece 11,214 360.5 252.4
Spain 45,283 40.5 28.3
France 61,876 30.8 21.6
Italy 59,619 33.4 23.4
Cyprus 789 873.9 611.7
Latvia 2,271 3.7 2.6
Lithuania 3,366 1.5 1.0
Luxembourg 484 40.1 28.1
Hungary 10,045 6.7 4.7
Malta 410 107.8 75.4
Netherlands 16,405 46.7 32.7
Austria 8,332 517.1 362
Poland 38,116 13.4 9.4
Portugal 10,618 41.8 29.3
Romania 21,529 5.3 3.7
Slovenia 2,026 76.9 53.8
Slovakia 5,401 19.3 13.5
Finland 5,300 5.3 3.7
Sweden 9,183 45.1 31.6
UK 61,186 7.7 5.4
EU27 495,577 64 45
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Geothermal 
In case of geothermal energy the growth rate were 
evaluated without benchmark.
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The contribution of RES in the transport sector 
was evaluated against the mandatory 10% target 
for the final energy from renewable sources 
consumed in transport, set at the same level for 
each Member State. The contribution of different 
RES sources was evaluated in the transport sector 
in comparison with the energy used in transport 
in 2005 and expected use until 2020. The total 
amount of energy consumed in transport includes 
petrol, diesel, and biofuels consumed in road and 
rail transport and electricity. The consumption of 
renewable electricity in road transport shall be 
considered to be 2.5 times the energy content of the 
input of electricity from renewable energy sources 
(Article 3(4) c) of Directive 2009/28/EC).
According to Directive 2009/28/EC, Member States 
may encourage the use of biofuels made from 
waste, residues, non-food cellulosic material, ligno-
cellulosic material and algae, which give significant 
environmental advantages and additional benefits. 
The contribution made by biofuels produced from 
wastes, residues, non-food cellulosic material, and 
ligno-cellulosic material shall be considered to be 
twice that made by other biofuels.
K()' 9%M&,M%-.65A
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Table 4 (next page) summarises the starting data 
and calculated results of PV potential in the various 
countries. The numbers are the expected energy 
output (kWh/year) for each kWp of PV installed, 
taking into account the land area of the country. 
The urban areas in each country are also included. 
This area is the total area that is considered urban, 
thus it includes houses, roads, gardens, etc. The 
whole area cannot be covered with PV of course.
The land area which can be used for PV and solar 
installation was calculated as a percentage of the 
total land area, and is in general well below the 
urban area of the countries (except Finland). 
Calculating 6.66 m2 installations on average 
per 1 kW capacity [17], the maximal potential PV 
installation can be expressed. These data are 
summarised in Table 24 in the chapter 2.3.4.1, which 
shows the installed capacity from the NREAPs as a 
percentage of the potential PV installation. 
)MYM)M( 0E/&"(@7(="$/4=(7@&(NT
The share of demand was calculated taking into 
account the lowest summer demand in the period 
of April-September during sunshine hours of 
electricity provided by the national grid operators. 
Results for the MS are summarised in Table 24. 
)MYMVM( 0E/&"(@7(="$/4=(7@&(\?4=("4"&:O
The share of demand for wind was calculated taking 
into account the lowest winter demand of electricity 
provided by the national grid operators. The input 
data and results are summarised in Table 26.
)MYMWM( 0@6/&(.E"&$/6(C5&7/#"(/&"/'("4"&:O
Solar yield for glazed flat plate solar collector 
installations
To have an indication of the energy produced by 
solar thermal installations, data on solar irradiation 
are required. Figure 1 (based on JRC data [14]) below 
gives an indication of a 1 m2 inclined at maximum 
yield while applying a conversion of 0.7 kW/m2. This 
figure has to be considered as a maximum efficient 
figure of the installed system and does not include 
a load. 
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Country Total land 
area
km2
Land area 
suitable for  
PV8
km2
Urban Area
km2
Capita
*1000
PV output per kWp at optimum 
angle, urban areas
kWh/year
Min. Avg. Max.
BE 30,672 184 5,029.9 10,667 866.0 929.6 1007.6
BG 110,787 665 4,214.4 7,640 1005.9 1217.8 1388.4
CZ 78,865 473 3,450.9 10,381 838.6 945.6 1039.7
DK 43,384 260 2,063.7 5,476 841.2 945.1 1054.1
DE 357,516 2,145 20,988.1 82,218 825.5 936.0 1085.8
EE 45,426 273 415.5 1,341 813.5 867.7 898.8
IE 70,173 421 561.4 4,401 789.5 908.6 1066.7
EL 132,014 792 1,444.7 11,214 1200.0 1445.0 1667.0
ES 498,558 2,991 4,566.9 45,283 968.2 1470.7 1664.0
FR 549,182 3,295 15,931.9 61,876 858.0 1116.7 1515.3
IT 301,392 1,808 9,289.1 59,619 772.9 1326.0 1624.0
CY 9,360 56 98.0 789 1563.6 1629.8 1683.1
LV 64,592 388 477.7 2,271 817.8 890.2 992.6
LT 64,878 389 1,429.1 3,366 824.5 884.4 1011.0
LU 2,598 16 145.7 484 900.3 939.6 967.5
HU 93,010 558 4,432.7 10,045 991.6 1104.7 1159.2
MT 316 2 6.0 410 1572.1 1584.2 1599.2
NL 37,358 224 2,547.6 16,405 864.7 932.6 1020.7
AT 83,923 504 1,299.8 8,332 853.6 1026.9 1169.6
PL 311,895 1,871 7,552.3 38,116 833.6 937.2 979.7
PT 89,072 534 997.8 10,618 1270.7 1494.0 1648.6
RO 237,938 1,428 11,840.1 21,529 891.1 1132.7 1278.3
SI 20,273 122 410.3 2,026 931.6 1085.2 1249.7
SK 49,028 294 2,220.0 5,401 845.5 1020.7 1116.8
FI 337,781 2,027 1,317.6 5,300 765.3 837.9 895.5
SE 449,498 2,697 5,689.0 9,183 639.1 862.0 1050.8
UK 244,736 1,468 11,772.0 61,186 710.0 920.2 1121.0
EU27 4,314,541 25,887 495,577
Table 4: Data for the calculation of the PV potential   
  and share of demand 
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The solar yield of the system, in practice, is lower 
than the one indicated9 in the figure above that 
gives the collector capacity in MWh/m2. One of the 
reasons is that the hot water produced has to be 
stored before it is used. Also the optimal inclination 
is never achieved in reality. Another reason is that 
seasonal impact on a fixed system has to be taken 
into account, as well as the usage variability. The 
annual system output that can be considered as 
useful hot water is approx. 60% ± 10%.
For example, an applicable solar yield for Denmark 
varies between 480 and 520 kWh/m2/a, and is a 
more realistic and measured system output figure 
than 700-800 kWh/m2/a from the graphically 
presented collector output.
8 0.6 % [17].
9 Yield is directly connected to the use (demand) because of 
the storage is limited.
The calculations are based on a solar yield derived 
from Figure 1 which is realistic for most MS, when 
compared with IEA data.
The energy conversion factors taken into account 
are summarised in Chapter 6.2.
 Based on this information, a solar yield is defined 
for each MS as the following:  
A * Gopt * 0.7 * STCF;
where
A is area in m2
Gopt is the annual solar radiation at optimal 
inclination taken from JRC data (PVGIS) [14]
STCF is a solar thermal conversion factor. 
Figure 1: Nominal capacity of thermal collectors (Source JRC PVGIS)
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The STCF – solar thermal conversion factor - includes 
factors that influence the uncertainty of this yield, 
ranging from the size of the country (averaging 
radiation data) until final energy consumption 
efficiency (multi-apartment buildings). However, 
the result gives estimation, with an uncertainty of 
up to 15% which can be improved. A harmonised 
and location-dependent calculation is required to 
obtain more reliable data for solar thermal end-use 
energy consumption.
)MYMYM( D?@$/CC(C5LL6O(_CM(="$/4=(.@($"".(.E"(
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The Member States reported on the expected 
contribution of biomass to the trajectory and 2020 
targets in the electricity, heating and cooling and 
transport sectors (final energy consumption) 
in Tables 10a, 10b, 11 and 12 of the NREAPs. The 
gross final consumption of energy from renewable 
sources for heating and cooling was defined as 
the district heating and cooling produced from 
biomass, plus the consumption of energy from 
renewable sources in industry, households, 
services, agriculture, forestry and fisheries, for 
heating, cooling and processing purposes. 
National biomass supply 
The Template for National Renewable Energy Action 
Plans under Directive 2009/28/EC, as defined by 
Commission Decision C(2009) 5174-1, required 
MS to assess the supply of domestically available 
biomass as gross consumption and the need for 
imports in all relevant sectors (forestry, agriculture 
and fisheries and waste) (Table 7: Biomass supply 
in 2006 and Table 7a: Estimated biomass domestic 
supply in 2015 and 2020). The amount of raw 
biomass feedstock for biogas and biofuels had to 
be detailed as well. 
Assessment of biomass resources required to 
reach the proposed targets for electricity, heating 
and transport 
The gross inland consumption of biomass was 
determined on the basis of the expected gross 
final energy consumption of biomass for electricity 
production, in heating and cooling and in the 
transport sector, taking into account the actual 
efficiencies of energy conversion in each Member 
State. The calculation was based on the following 
formulas:
Breq = Be + BH + B biof 
Be = Be-only + Be-CHP 
Be-only = Ee / ηe 
Be-CHP = ECHP / ηe-CHP 
Be = Ee / ηe + ECHP / ηe-CHP 
BH = BDH + Bhouse + Bind 
BDH = (HDH - HCHP) / ηDH 
HCHP = Be-CHP * (ηCHP - ηe-CHP) 
Bind = H- HDH- Bhouse
BH = [HDH - (Be-CHP * (ηCHP - ηe-CHP)] / ηDH + Bhouse + Bind
Breq = E / ηe + ECHP / ηe-CHP + [HDH - (ECHP / ηe-CHP * (ηCHP 
- ηe-CHP)] / ηDH +  Bhouse + Bind + Bbiof
Where: 
• Bbiof - biomass for biofuels (NREAP)
• BDH - biomass for district heating (estimate)
• Be  – biomass use for electricity production 
(estimate)
• Be-CHP – biomass use for electricity production in 
CHP (estimate)
• Be-only – biomass use for electricity only 
production (estimate)
• BH - biomass for heating  (estimate)
• Bhouse - biomass for households (NREAP)
• Bind - biomass for industry and services 
(estimate)
• Breq  – biomass required for energy production 
(estimate)
• ECHP – electricity production in CHP plants 
(NREAP)
• Ee – electricity production in electricity only 
plants (NREAP)
• Et – total electricity production (NREAP)
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• H – heat production (NREAP)
• HCHP - heat produced in CHP (estimate)
• HDH - heat produced in District Heating (NREAP)
t ηDH - efficiency of energy conversion in DH 
(estimate)
t ηe - efficiency of electricity conversion; 
t ηe-CHP - efficiency of electricity conversion in 
CHP
t ηCHP - efficiency of energy conversion in CHP
ηCHP = 75% (JRC average estimate based on 
existing literature [32] [33] [34] [35] [36])
ηDH = 80% (JRC average estimate based on existing 
literature [32] [33] [34] [35] [36])
The efficiency of electricity conversion was assumed based on AEBIOM data of 2007.
BE ηe = 29% FR ηe = 23% AT ηe = 27%
BG ηe = 25% IT ηe = 23% PL ηe = 32%
CZ ηe = 34% CY ηe = 25% PT ηe = 30%
DK ηe = 25% LV ηe = 20% RO ηe = 25%
DE ηe = 23% LT ηe = 20% SI ηe = 33%
EE ηe = 30% LU ηe = 20% SK ηe = 30%
IE ηe = 32% HU ηe = 28% FI ηe = 32%
EL ηe = 32% MT ηe = 25% SE ηe = 28%
ES ηe = 25% NL ηe = 27% UK ηe = 31%
The conversion factors taken into account are summarised in Chapter 6.2.
3. Assessment
O(D' *5#"N2'&65A,1T-.65
The projections of total energy consumption in the 
EU27 by 2020, taking into account the additional 
energy efficiency scenario10, is 49,517.3  PJ (1,179 
Mtoe), the reference scenario is 54,923.3  PJ (1,307.7 
Mtoe) by 2020. The difference between these two 
scenarios is 9.8 %. 
10  The additional energy efficiency scenario was not 
presented by Finland, the Netherlands and Slovenia. 
In these cases the reference scenario was taken into 
account. 
Between 2010 and 2020, the growth in energy 
consumption in the reference scenario is 8.3 % 
(from 50,713.3 PJ (1,207.5 Mtoe)), meanwhile under 
the additional energy efficiency scenario there is 
a slight decrease with -0.4 % of the value in 2010 
(49,716.2 PJ (1,183.7 Mtoe)).
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Table 5: EU27 total gross final energy consumption in 
the REF and AEE scenario
2005 2010 2020
PJ Mtoe PJ Mtoe PJ Mtoe
REF scenario* 48804.46 1162.01 50713.33 1207.46 54923.32 1307.7
AEE scenario 48783.9 1161.52 49716.2 1183.72 49517.28 1178.98
*Malta and Poland did not report the consumption data for REF scenario and for 2005
The energy consumption decreases compared 
to the base year in Austria, Germany, Denmark, 
Spain, France, Hungary, Italy, Luxembourg, the 
Netherlands, and UK. Between 2010 and 2020 
only Germany, France and UK show less energy 
consumption (Table 6 and Table 10).
Table 6: Gross final energy consumption data compari-
son between 2005-2020 and 2010-2020 in PJ
Energy consumption difference
PJ between 2020-2005 between 2020-2010
BE 129.9 32.9
BG 4.1 9.2
CZ 120.4 107.6
DK -5.4 0.9
DE -1,340.4 -1,109.1
EE 14.8 11.0
IE 58.8 48.1
EL 103.5 71.2
ES -201.8 160.2
FR -479.7 -381.4
IT -343.7 52.1
CY 12.2 8.7
LV 23.3 32.0
LT 49.4 44.2
LU -2.6 11.5
HU -11.1 58.3
MT* n.a. 4.2
NL -133.8 12.3
AT -21.0 58.1
PL* n.a. 331.8
PT -4.8 36.8
RO 115.9 185.4
SI 9.8 16.6
SK 43.1 24.1
FI 80.2 102.5
SE 197.9 132.0
UK -589.8 -245.6
EU27 733.3 -198.9
*Malta and Poland did not report the consumption data for 2005
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The MS energy consumption data are available by sectoral breakdown in Table 7-9 and total in Table 10. 
Table 7: Energy consumption in heating and cooling (PJ)
Heating and cooling consumption in PJ relative 2005=100%
2005 2010 2015 2020 2010 2015 2020
BE 915.8 915.8 915.8 915.8 100.0% 100.0% 100.0%
BG 190.8 188.7 190.6 194.8 98.9% 99.9% 102.1%
CZ 741.0 747.8 754.4 784.6 100.9% 101.8% 105.9%
DK 339.0 337.8 333.0 321.4 99.6% 98.2% 94.8%
DE 4907.4 4687.1 4350.7 3911.8 95.5% 88.7% 79.7%
EE 67.8 66.0 66.2 66.3 97.3% 97.6% 97.8%
IE 231.7 216.7 212.9 207.1 93.5% 91.9% 89.4%
EL 350.9 363.0 363.6 406.3 103.5% 103.6% 115.8%
ES 1690.7 1400.3 1321.0 1253.7 82.8% 78.1% 74.2%
FR 2895.9 2770.6 2645.3 2520.0 95.7% 91.3% 87.0%
IT 2877.0 2477.0 2523.4 2569.8 86.1% 87.7% 89.3%
CY 22.3 20.2 21.3 22.1 90.6% 95.5% 99.4%
LV 109.5 94.5 101.9 109.7 86.3% 93.0% 100.2%
LT 108.5 101.5 109.2 112.7 93.6% 100.7% 103.9%
LU 49.9 51.9 51.8 53.3 103.9% 103.8% 106.6%
HU 512.1 434.6 446.7 408.2 84.9% 87.2% 79.7%
MT* n.a. 1.9 2.6 3.1 n.a. n.a. n.a.
NL 1194.3 1033.7 1034.0 1049.5 86.6% 86.6% 87.9%
AT 554.7 504.3 512.5 537.7 90.9% 92.4% 96.9%
PL* n.a. 1360.8 1390.2 1457.4 n.a. n.a. n.a.
PT 332.9 306.0 323.7 344.3 91.9% 97.2% 103.4%
RO 788.7 663.1 738.0 769.3 84.1% 93.6% 97.5%
SI 96.2 83.8 86.3 85.2 87.1% 89.7% 88.6%
SK 258.8 250.8 240.7 235.7 96.9% 93.0% 91.1%
FI 586.7 588.4 630.0 642.6 100.3% 107.4% 109.5%
SE 554.0 606.8 659.7 712.5 109.5% 119.1% 128.6%
UK 2809.8 2520.0 2322.6 2163.0 89.7% 82.7% 77.0%
EU27 23186.4 22793.0 22348.2 21857.8 98.3% 96.4% 94.3%
 *Malta and Poland did not report the consumption data for 2005
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Table 8: Energy consumption in Electricity
Electricity consumption in PJ relative 2005=100%
2005 2010 2015 2020 2010 2015 2020
BE 332.3 351.6 370.8 400.1 105.8% 111.6% 120.4%
BG 131.4 131.5 133.2 132.2 100.0% 101.3% 100.6%
CZ 252.6 253.5 281.3 303.7 100.4% 111.4% 120.3%
DK 133.0 130.5 135.8 136.4 98.2% 102.1% 102.6%
DE 2176.1 2180.9 2124.7 2029.3 100.2% 97.6% 93.3%
EE 31.0 34.8 37.1 39.4 112.3% 119.8% 127.1%
IE 98.3 103.9 110.7 118.1 105.6% 112.6% 120.2%
EL 230.4 212.6 220.8 247.3 92.3% 95.8% 107.3%
ES 1053.4 1052.4 1187.1 1355.3 99.9% 112.7% 128.7%
FR 1903.3 1925.7 1948.0 1970.3 101.2% 102.3% 103.5%
IT 1249.5 1289.6 1321.5 1353.5 103.2% 105.8% 108.3%
CY 15.7 19.4 23.0 26.6 123.8% 146.5% 169.3%
LV 24.4 24.5 27.1 31.3 100.5% 111.2% 128.4%
LT 41.4 38.3 44.0 50.1 92.5% 106.4% 121.1%
LU 23.8 23.1 22.8 23.9 96.8% 95.9% 100.4%
HU 151.6 154.4 173.0 185.6 101.8% 114.1% 122.4%
MT* n.a. 9.0 10.2 11.3 n.a. n.a n.a
NL 434.6 446.3 470.8 490.6 102.7% 108.3% 112.9%
AT 240.5 236.6 244.3 267.8 98.4% 101.6% 111.4%
PL* n.a. 508.2 550.2 613.2 n.a. n.a n.a
PT 191.4 198.7 213.2 233.0 103.8% 111.4% 121.7%
RO 193.2 224.7 237.5 266.0 116.3% 122.9% 137.7%
SI 53.4 50.2 54.3 56.4 94.0% 101.7% 105.5%
SK 101.3 103.3 112.6 120.4 102.0% 111.2% 118.8%
FI 316.3 317.1 344.8 367.1 100.3% 109.0% 116.1%
SE 545.5 549.7 554.0 558.3 100.8% 101.6% 102.4%
UK 1348.2 1331.4 1348.2 1360.8 98.8% 100.0% 100.9%
EU27 11272.5 11901.8 12301.3 12748.1 105.6% 109.1% 113.1%
 *Malta and Poland did not report the consumption data for 2005
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Table 9: Energy consumption in Transport
Transport consumption in PJ relative 2005=100%
2005 2010 2015 2020 2010 2015 2020
BE 356.7 390.8 390.9 367.1 109.5% 109.6% 102.9%
BG 111.0 107.9 109.2 110.3 97.2% 98.4% 99.4%
CZ 252.3 257.4 270.0 278.0 102.0% 107.0% 110.2%
DK 174.1 176.0 182.8 181.9 101.1% 105.0% 104.5%
DE 2251.3 2198.9 2153.7 2028.7 97.7% 95.7% 90.1%
EE 31.3 33.1 36.5 39.2 105.8% 116.4% 125.2%
IE 164.3 191.7 216.4 241.4 116.7% 131.7% 146.9%
EL 275.9 274.2 262.6 266.1 99.4% 95.2% 96.5%
ES 1361.1 1296.8 1311.3 1330.6 95.3% 96.3% 97.8%
FR 1893.4 1919.4 1848.0 1768.2 101.4% 97.6% 93.4%
IT 1638.0 1556.3 1491.5 1426.8 95.0% 91.1% 87.1%
CY 28.6 30.2 31.2 32.3 105.6% 109.1% 112.6%
LV 41.2 46.0 50.4 54.6 111.6% 122.1% 132.3%
LT 47.6 56.0 64.1 72.8 117.7% 134.8% 153.0%
LU 101.5 87.6 92.9 98.0 86.3% 91.5% 96.6%
HU 166.5 171.5 206.7 224.7 103.0% 124.2% 134.9%
MT* n.a. 6.4 6.7 6.9 n.a. n.a n.a
NL 476.7 491.4 479.6 446.6 103.1% 100.6% 93.7%
AT 375.7 350.1 351.7 353.4 93.2% 93.6% 94.1%
PL* n.a. 705.6 747.6 835.8 n.a. n.a n.a
PT 261.4 253.7 251.2 241.2 97.1% 96.1% 92.3%
RO 173.8 198.5 225.9 236.4 114.2% 130.0% 136.0%
SI 64.1 72.9 77.2 82.0 113.7% 120.5% 128.0%
SK 73.2 93.3 102.9 115.4 127.4% 140.4% 157.5%
FI 177.2 169.3 172.2 171.4 95.5% 97.2% 96.7%
SE 313.9 322.8 331.7 340.7 102.9% 105.7% 108.5%
UK 1751.6 1700.4 1764.1 1754.7 97.1% 100.7% 100.2%
EU27 12562.4 13157.9 13229.0 13105.0 104.7% 105.3% 104.3%
 *Malta and Poland did not report the consumption data for 2005
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Table 10: Energy consumption total
Total consumption in PJ relative 2005=100%
2005 2010 2015 2020 2010 2015 2020
BE 1604.8 1701.7 1725.2 1734.6 106.0% 107.5% 108.1%
BG 433.2 428.0 433.0 437.3 98.8% 100.0% 100.9%
CZ 1245.9 1258.7 1305.7 1366.3 101.0% 104.8% 109.7%
DK 692.0 685.6 697.0 686.5 99.1% 100.7% 99.2%
DE 9621.9 9390.5 8951.1 8281.5 97.6% 93.0% 86.1%
EE 130.1 134.0 139.8 144.9 103.0% 107.5% 111.4%
IE 535.1 545.8 570.2 594.0 102.0% 106.5% 111.0%
EL 909.3 941.6 934.5 1012.8 103.6% 102.8% 111.4%
ES 4277.5 3915.5 3972.9 4075.7 91.5% 92.9% 95.3%
FR 7000.9 6902.7 6716.2 6521.3 98.6% 95.9% 93.1%
IT 5931.5 5535.6 5561.7 5587.8 93.3% 93.8% 94.2%
CY 69.8 73.2 74.8 82.0 105.0% 107.3% 117.5%
LV 178.1 169.4 184.1 201.4 95.1% 103.3% 113.1%
LT 206.1 211.3 235.6 255.5 102.5% 114.3% 124.0%
LU 187.2 173.2 178.2 184.6 92.5% 95.2% 98.6%
HU 836.2 766.7 830.8 825.0 91.7% 99.4% 98.7%
MT* n.a. 18.2 20.6 22.4 n.a. n.a n.a
NL 2256.1 2110.1 2123.3 2122.3 93.5% 94.1% 94.1%
AT 1159.6 1080.5 1096.7 1138.6 93.2% 94.6% 98.2%
PL* n.a. 2574.6 2688.0 2906.4 n.a. n.a n.a
PT 822.4 780.9 800.1 817.6 94.9% 97.3% 99.4%
RO 1155.8 1086.2 1201.5 1271.7 94.0% 103.9% 110.0%
SI 213.8 206.9 217.8 223.6 96.8% 101.9% 104.6%
SK 428.4 447.4 456.2 471.5 104.5% 106.5% 110.1%
FI 1102.9 1080.7 1151.6 1183.1 98.0% 104.4% 107.3%
SE 1449.8 1515.7 1581.7 1647.7 104.5% 109.1% 113.7%
UK 6335.6 5991.5 5884.1 5745.8 94.6% 92.9% 90.7%
EU27 48783.9 49716.2 49708.6 49517.3 101.9% 101.9% 101.5%
 *Malta and Poland did not report the consumption data for 2005
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Figure 2: Energy efficiency and RES in energy consumption in EU27 between 2005 and 2020 (note: Malta and Poland did not 
report the consumption data for REF scenario and data for 2005)
Heating and cooling represents the highest sectoral 
share in the gross final energy consumption with 46 
and 48 % in 2010 and 2020, respectively; the share 
of electricity and transport is almost even, with 25-
27 % by 2010 and 27-27 % by 2020, respectively. 
The heating and cooling sector shows a decrease 
from 22,793 PJ in 2010 to 21,858 PJ by 2020, the 
transport consumption is decreasing from 13,158 PJ 
(2010) to 13,105 PJ by 2020, whereas the electricity 
consumption is increasing, as presented in Table 11. 
The total electricity consumption in EU 27, under the 
AEE scenario, is 11,901.8 PJ in 2010 and will grow to 
12,748.1 PJ by 2020. 
In the heating sector, a high decrease in 
consumption is expected in Germany, Spain, 
France and UK, while an increase is expected in 
Austria, Finland, Greece, Poland and Sweden, as 
shown in Table 7. 
In the electricity consumption a decrease is 
expected only in Germany; in all the other MS an 
increase is foreseen (Table 8). 
In transport consumption a decrease is expected in 
Germany, France, Italy and the Netherlands, all the 
other MS show an increase (Table 9). 
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Table 11: Gross Final energy consumption by sectoral 
breakdown in the Additional Energy efficiency 
scenario in EU27
in PJ base year 2005 ** 2010 2011 2012 2013 2014
heating and cooling 23186.4 22793.0 22700.4 22627.6 22545.2 22437.0
electricity 11272.5 11901.8 11986.4 12062.4 12151.8 12223.0
transport * 12562.4 13157.9 13160.1 13183.8 13209.2 13224.7
in PJ 2015 2016 2017 2018 2019 2020
heating and cooling 22348.2 22243.7 22141.6 22054.8 21958.4 21857.8
electricity 12301.3 12390.7 12475.4 12568.2 12657.4 12748.1
transport * 13229.0 13208.3 13187.7 13157.9 13142.4 13105.0
 *as in Article 3(4)a (3 )
** without MT and PL, these MS did not report data on the base year 
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In PJ 2015 2016 2017 2018 2019 2020
RES Heating cooling 3560.1 3751.0 3956.5 4173.0 4431.4 4684.8
RES Electricity 3198.5 3395.7 3615.0 3840.4 4067.3 4322.9
RES Transport 911.9 978.8 1085.0 1162.4 1233.9 1375.8
RES Transport adjusted 
for calculating the 
transport share
975.7 1054.1 1173.1 1275.0 1366.9 1527
TOTAL RES11 adjusted 
(without double 
counting)
7588.8 8035.2 8556.3 9068.7 9615.5 10253.9
The electricity RES contribution to the electricity 
consumption sector will be 4,323 PJ in 2020; this 
represents the 33.9 % of the energy use in the 
sector. The RES heating and cooling will be 4,684.8 
PJ, covering 21.43 % of the sectoral use. The total 
11 Without double counting: The electricity in transport is 
calculated only once.  
O(K' @AA#AA1#5-'F2'A#&-6"A
Table 12: summarises the RES contribution in the different sectors in EU27. 
Table 12: RES contribution in EU27 by sectoral 
breakdown 
In PJ 2005 2010 2011 2012 2013 2014
RES Heating cooling 2282.7 2842.6 2976.6 3105.7 3249.3 3395.0
RES Electricity 1711.0 2312.4 2477.7 2648.7 2834.5 3021.5
RES Transport 176.1 644.0 703.4 759.2 783.4 853.9
RES Transport adjusted 
for calculating the 
transport share
178.3 667.5 733.1 799.5 828.4 904.9
TOTAL RES adjusted 
2 (without double 
counting)
4139.3 5750.6 6098.4 6450.2 6799.2 7194.7
contribution of RES in transport in 2020 in the EU, 
without double counting, will be 32.757 Mtoe, and 
36.476 Mtoe (1,527 PJ) with multiple counting of 
electricity use in road transport and Article 21.2 
Biofuels. Overall, this would represent 11.7% of the 
energy use in the transport sector, above the 10% 
binding target.
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Table 13: EU27 Total and sectoral RES share from 
2005 to 2020
Share in the sector % 2005 2010 2011 2012 2013 2014
Heating and cooling 9.84 12.47 13.11 13.73 14.41 15.13
Electricity 15.18 19.43 20.67 21.96 23.33 24.72
Transport (as in Article 
3(4)a (3 ) calculated) 1.42 5.07 5.57 6.06 6.27 6.84
Total RES Share 8.5 11.6 12.3 13.0 13.7 14.5
Share in the sector % 2015 2016 2017 2018 2019 2020
Heating and cooling 15.93 16.86 17.87 18.92 20.18 21.43
Electricity 26.00 27.41 28.98 30.56 32.13 33.91
Transport (as in Article 
3(4)a (3 ) calculated) 7.38 7.98 8.90 9.69 10.40 11.69
Total RES Share 15.3 16.2 17.2 18.3 19.4 20.7
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This chapter gives an overview about the RES electricity generation and electricity RES share in 
consumption. The development of the RES electricity, according to the NREAPs in absolute and relative 
terms, is summarised in Table 14. 
Table 14: RES generation in Electricity
Electricity RES generation in PJ GJ/capita relative 2005=100%
2005 2010 2015 2020 2020 2010 2015 2020
BE 6.5 16.8 47.1 83.5 7.83 257.2% 719.1% 1275.2%
BG 8.8 14.0 22.1 27.2 3.56 159.3% 251.5% 309.5%
CZ 11.3 18.3 35.1 42.1 4.06 162.4% 311.4% 373.5%
DK 35.7 44.8 62.5 74.4 13.59 125.6% 175.2% 208.4%
DE 222.7 379.1 569.2 783.4 9.53 170.3% 255.7% 351.9%
EE 0.4 2.2 4.9 6.9 5.15 564.0% 1267.0% 1786.2%
IE 8.9 21.2 35.9 50.2 11.41 238.1% 403.4% 564.4%
EL 20.9 28.3 61.3 98.5 8.78 135.4% 293.2% 471.3%
ES 194.2 303.5 400.8 541.8 11.96 156.3% 206.4% 279.0%
FR 256.9 297.0 395.0 534.5 8.64 115.6% 153.8% 208.1%
IT 198.9 231.3 286.0 347.2 5.82 116.3% 143.7% 174.5%
CY** 0.0 0.2 2.1 4.2 5.32 n.a. n.a. n.a.
LV 10.9 11.0 13.9 18.7 8.23 100.2% 127.3% 171.3%
LT 1.7 3.2 7.7 10.7 3.18 190.7% 466.1% 643.0%
LU 0.8 0.9 2.0 2.8 5.79 119.0% 262.7% 364.4%
HU* n.a. 10.3 14.0 20.2 2.01 n.a. n.a. n.a.
MT* n.a. 0.1 0.7 1.6 3.90 n.a. n.a. n.a.
NL 26.1 38.4 99.1 181.8 11.08 147.1% 379.4% 695.5%
AT 149.2 163.9 174.1 189.2 22.71 109.8% 116.7% 126.8%
PL 13.7 38.3 71.8 117.0 3.07 280.3% 524.7% 855.3%
PT 30.8 82.2 106.3 128.5 12.10 266.5% 344.7% 416.8%
RO 58.1 61.7 99.4 113.4 5.27 106.2% 171.0% 195.1%
SI 15.2 16.3 19.2 22.1 10.91 107.0% 126.5% 145.4%
SK 16.9 19.8 25.9 28.9 5.35 117.2% 153.5% 171.0%
FI 85.7 81.9 92.5 120.7 22.77 95.6% 108.0% 140.9%
SE 293.4 312.8 331.9 351.0 38.22 106.6% 113.1% 119.6%
UK 63.3 114.2 217.9 422.4 6.90 180.6% 344.5% 667.8%
EU27 1730.9 2311.7 3198.6 4323.0 8.72 133.6% 184.8% 249.8%
 *Malta and Hungary did not report the RES generation data for 2005
 **Cyprus RES electricity data for 2005 was neglectable, so the % has not been calculated
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According to the NREAPs, the RES contribution to 
electricity in EU27 will be 4,322.9 PJ (1,216.8 TWh), 
representing about 33.9 % of electricity production 
in 2020. 
Wind energy has the highest contribution in the 
renewable electricity generation (41.3 %) by 2020, 
followed by hydro (29.3 %) and biomass with 19.4 
%. Solar represents 8.6 %, geothermal 0.9 % and 
marine resource 0.5 %.
:#0";,%$4)",%'(%<+:%,*,;3"';'3.%'(%6==>?%6=@=%)(A%6=6=%
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Figure 3: RES share in electricity in source breakdown
The hydropower is a well-experienced technology 
with little remaining potential, so almost no increase 
is expected. 
The biggest increase is in wind generation, 
 where the share in RES electricity grows from 
25.7 % (2010) to 41.3 %; in absolute term the 
2020 generation is three times more than in 2010 
(Figure 3).
12 BE and FI did not reported separately the onshore and 
offshore wind, they only reported the total wind energy. 
That is why the sum of onshore and offshore is different 
from the total wind data.
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2005 
RES electricity % of
in PJ in TWh RES el. total RES electricity
Hydro 1180.87 326.99 69.0 28.67 10.48
Geothermal 19.78 5.48 1.2 0.48 0.18
Solar electricity 6.60 1.82 0.4 0.16 0.06
PV 6.60 1.83 0.4 0.16 0.06
CSP 0.00 0.00 0.0 0.00 0.00
Marine 1.93 0.54 0.1 0.05 0.02
Wind total12 256.79 71.11 15.0 6.23 2.28
Onshore 241.40 66.84 14.1 5.86 2.14
Offshore 6.94 1.92 0.4 0.17 0.06
Biomass 245.09 67.87 14.3 5.95 2.17
Total RES el. 1711.0 473.79 100.0 41.54 15.18
Total RES 4119.22
Total electricity 11272.50
2010 
RES electricity % of
in PJ in TWh RES el. total RES electricity
Hydro 1204.79 333.61 52.1 20.99 10.12
Geothermal 21.59 5.98 0.9 0.38 0.18
Solar electricity 76.90 21.29 3.3 1.34 0.65
PV 72.74 20.14 3.1 1.27 0.61
CSP 4.16 1.15 0.2 0.07 0.03
Marine 1.81 0.50 0.1 0.03 0.02
Wind total12 594.28 164.56 25.7 10.36 4.99
Onshore 557.02 154.24 24.1 9.71 4.68
Offshore 30.74 8.51 1.3 0.54 0.26
Biomass 413.02 114.37 17.9 7.20 3.47
Total RES el. 2312.4 640.31 100.0 40.30 19.43
Total RES 5738.65
Total electricity 11901.8
2020
RES electricity % of
in PJ in TWh RES el. total RES electricity
Hydro 1265.04 350.30 29.3 12.36 9.92
Geothermal 39.27 10.87 0.9 0.38 0.31
Solar electricity 373.19 103.34 8.6 3.64 2.93
PV 301.10 83.37 7.0 2.94 2.36
CSP 72.09 19.96 1.7 0.70 0.57
Marine 21.64 5.99 0.5 0.21 0.17
Wind total12 1786.07 494.57 41.3 17.44 14.01
Onshore 1237.77 342.74 28.6 12.09 9.71
Offshore 483.08 133.77 11.2 4.72 3.79
Biomass 837.73 231.97 19.4 8.18 6.57
Total RES el. 4322.9 1197.04 100.0 42.22 33.91
Total RES 10239
Total electricity 12748.1
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Leading countries
In terms of RES electricity output Germany is the 
leading MS with 783.4 PJ which represents 18 % 
of the total RES electricity in EU27. Spain, France 
and UK have RES electricity generation over 400 
PJ; these three countries contribute with almost 35 
% of the RES electricity in EU27. Sweden and Italy, 
with an amount of around 350 PJ, represent 16.2 %. 
These six MSs give 69 % of the RES electricity in 
EU27. 
VM)M+M)M(K/L/#?.O(="_"6@L$"4.
According to the NREAPs, the RES electricity capacity 
in EU27 will be 464,088 MW in 2020, growing from 
239,223.3 MW in 2010 and 160,284.7 MW in 2005. 
Wind energy has the highest part in the renewable 
electricity capacity (46 %) by 2020, followed by 
hydro (24.2 %) and solar (19.7 %); marine has 0.5 % 
and geothermal 0.3 %. 
Figure 4 (left and right): RES electricity generation in MS - breakdown by source in 2020 
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Figure 5: RES share in electricity capacity in source breakdown 
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Leading countries in electricity capacity
Germany is the leading MS with the highest 
RES installed capacity in electricity with 110.9 
GW, which represents 13.9 % of the total RES 
capacity by 2020 in EU27. In Spain, France, UK 
the RES installed capacity is over 40 GW; these 
three countries contribute with 35.4 % to the RES 
Figure 6: RES electricity capacity in MS breakdown by sources in 2020 
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electricity installed capacity by 2020 in EU27. 
Sweden and Italy, with an amount higher than 
20 MW, represents 13.4 %. These six MSs should 
have 72.7 % of EU27’s RES electricity installed 
capacity by 2020.
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The leading countries with the highest additionally 
installed capacities are Germany, UK, Spain, France 
and Italy. However, Sweden is among the countries 
with the highest installed RES capacity. This is 
Table 15: EU27 RES electricity total installed  
capacity in MW
2005 2010 2020
2005-2010 2010-2020
Additional Share of 2005 Additional
Share of 
2010
160,284.7 239,223.3 464,088 78,938.6 49.3 % 224,864.7 94 %
Figure 7: Additional RES electricity capacity growth between 2005-2010 and 2010-2020 
reached already during the years at the beginning, 
as there is minor development within the additional 
installations (Figure 7).
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In the newly installed capacities between 2005 
and 2010, onshore wind had the highest share with 
52.9 %, followed by PV 29.5 %, and biomass 8.7 %. 
Between 2010 and 2020 onshore wind has 37 %, 
PV 26.2 %, offshore wind 17.2 %, biomass 9.2 %. 
hydro 3.5 % and CSP  2.8 %. Marine and geothermal 
represent only 0.8 % and 0.4 %. 
The additional capacity between 2005 and 2010 is 
78,938.6 MW and almost triples (285 %) within the 
years between 2010 and 2020 to 224,864.7 MW.
The highest PV capacity development between 
2010 and 2020 in Germany (35,969 MW) is 61 % 
of the total PV capacity development in EU27 
(58,866.5 MW).
The highest onshore wind additional capacity 
development is in ES (14,845 MW), FR (13458 MW) 
and UK (10,850 MW). These countries represent 
Figure 8: Share of RES in electricity consumption 
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47 % of the 83,265.6 MW onshore wind additional 
capacity in EU27 (Figure 7).
The offshore wind additional capacity development 
2010-2020 is the highest in the UK (11,600 MW) 
and in Germany (9,850 MW); these two countries 
represent 55.3 % of the 38,783 MW offshore 
additional capacities in EU27.
As can be seen in Figure 7, between 2005 and 2010 
Germany, France and Portugal have a decreased 
installed capacity in hydro resource and Finland in 
biomass. Between 2010 and 2020, only Denmark 
has a decrease in onshore installed capacity.
VM)M+MVM(Q6"#.&?#?.O(JQ0(CE/&"(?4(#@4C5$L.?@4
In the European Union the RES share in the electricity 
consumption grows from 15 % in the base year to 
almost 34 % by 2020. In terms of highest RES share 
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in electricity Austria is the leading MS, where the 
RES share in electricity consumption is predicted to 
reach more than 70 % by 2020. More than 50 % of 
the electricity consumption will be covered by RES 
in Sweden, Latvia, Portugal and Denmark. 
The highest development in the share in the 
electricity consumption is in Ireland, Greece, 
Germany, the Netherlands, UK, Cyprus and Malta 
between 2010 and 2020, compared to growth 
between 2005 and 2010.
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This chapter gives an overview about the RES in 
the Heating and Cooling sector and its share in 
consumption. (Table 16). 
Table 16: RES in heating and cooling
Heating and cooling RES in PJ GJ/capita relative 2005=100%
2005 2010 2015 2020 2020 2010 2015 2020
BE 20.6 32.2 60.3 108.7 10.19 156.2% 292.4% 527.6%
BG 30.4 31.1 39.6 46.3 6.06 102.3% 130.2% 152.3%
CZ 59.0 76.1 99.1 112.2 10.81 128.9% 167.9% 190.2%
DK 78.5 103.6 119.3 127.2 23.23 131.9% 152.0% 162.0%
DE 323.7 421.3 510.9 606.1 7.37 130.2% 157.8% 187.2%
EE 21.2 25.7 26.3 25.5 19.02 121.2% 124.0% 120.2%
IE 8.1 9.2 18.9 24.8 5.64 114.0% 233.7% 305.7%
EL 44.8 53.3 65.0 80.1 7.14 119.0% 145.2% 179.0%
ES 149.1 158.1 185.0 237.5 5.24 106.0% 124.1% 159.3%
FR 394.7 467.2 631.7 828.7 13.39 118.4% 160.1% 210.0%
IT 80.5 161.7 254.6 439.2 7.37 200.8% 316.2% 545.4%
CY 1.9 3.3 4.2 5.2 6.59 170.8% 222.0% 271.8%
LV 46.8 42.8 49.6 58.7 25.85 91.6% 106.0% 125.5%
LT 28.9 28.0 37.5 44.1 13.10 96.9% 130.0% 152.9%
LU 0.8 1.1 2.4 4.5 9.30 130.1% 290.3% 550.5%
HU* n.a. 38.9 43.9 78.2 7.78 n.a. n.a. n.a.
MT* n.a. 0.1 0.2 0.2 0.49 n.a. n.a. n.a.
NL 30.1 38.1 58.0 91.5 5.58 126.4% 192.5% 303.9%
AT 134.9 153.6 159.9 175.5 21.06 113.8% 118.5% 130.0%
PL* n.a. 167.2 190.3 248.7 6.52 n.a. n.a. n.a.
PT 105.8 94.0 103.4 105.3 9.92 88.9% 97.7% 99.5%
RO 133.7 118.4 126.0 169.6 7.88 88.6% 94.3% 126.9%
SI 19.4 18.7 23.6 26.2 12.93 96.1% 121.4% 134.6%
SK 15.2 19.0 26.3 34.4 6.37 125.2% 173.7% 227.1%
FI 232.3 219.2 266.3 305.3 57.60 94.4% 114.6% 131.5%
SE 297.5 346.0 394.4 442.8 48.22 116.3% 132.6% 148.8%
UK 20.0 21.8 64.6 260.4 4.26 109.1% 323.6% 1305.1%
EU27 2277.9 2849.5 3561.3 4687.0 9.46 125.1% 156.3% 205.8%
 *Hungary Malta and Poland did not report the RES generation data for 2005
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Renewable heating and cooling will make a total 
contribution of 4,685 PJ (111.2 Mtoe) in 2020 in the 
EU, according to the NREAPs. 
VM)M)M+M(B"/.?4:(/4=(K@@6?4:(:"4"&/.?@4
Biomass has the major contribution in renewable 
heating and cooling (81.1 %) followed by 10.9 % of 
heat pumps, 5.7 % of solar and 2.4 % of geothermal 
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by 2020. The biggest increase is in solar energy, 
which in 2020 will be 4.7 fold more than in 2010 
(437 % from 60.8 PJ to 266 PJ), the share in H&C 
increases from 2 % (2010). The geothermal energy 
is 3.8 times more than in 2010, with the share 
increasing from 1 % to 2.4 %. Heat pump triples 
between 2010 and 2020, with the share almost 
doubling, growing from 5.9 to 10.9 %. 
Figure 9: RES in heating and cooling in source breakdown 
Biomass will still have the major contribution for 
heating and cooling, with 3,798.2 PJ (90.5 Mtoe), 
with a share decreasing from 97% in 2005 to 81.1 
% in 2020.
Biomass heating and cooling generation in 2020 
is 1.5 times more than in 2010, however the share 
decreased 10 % between 2010 and 2020 from 91.1 
%. (Figure 9)
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2005
RES in H&C % of
in PJ RES H&C total RES H&C
Geothermal 18.06 0.79 0.44 0.08
Solar thermal 28.47 1.25 0.69 0.12
Biomass 2,210.33 96.83 53.66 9.53
Heat pump 25.83 1.13 0.63 0.11
Total RES H&C 2,282.7 100 55.42 9.84
Total RES 4,119.22
Total H&C 23,186.4
2010
RES in H&C % of
in PJ RES H&C total RES H&C
Geothermal 28.31 1.00 0.49 0.12
Solar thermal 56.00 1.97 0.98 0.25
Biomass 2,589.61 91.10 45.13 11.36
Heat pump 168.64 5.93 2.94 0.74
Total RES H&C 2,842.6 100 49.53 12.47
Total RES 5,738.65
Total H&C 22,793.0
2020
RES in H&C % of
in PJ RES H&C total RES H&C
Geothermal 110.13 2.35 1.08 0.50
Solar thermal 266.03 5.68 2.60 1.22
Biomass 3,798.22 81.08 37.10 17.38
Heat pump 510.37 10.89 4.98 2.33
Total RES H&C 4,684.8 100 45.75 21.43
Total RES 10,239
Total H&C 21,857.8
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Leading countries
France is the leading MS in the terms of H&C 
generation from RES with 829 PJ (almost 20,000 
ktoe), which represents 17.7 % of the total RES 
H&C in EU27. The RES H&C generation in Germany, 
Sweden and Italy is over 400 PJ (10,000 ktoe); 
these three countries contributing with almost 
32 % of the RES H&C in EU27. Finland, UK, Poland 
and Spain with an amount higher than 200 PJ 
(5,000 ktoe) representing 22.5 %. These eight MSs 
give 72 % of the RES Heating and Cooling in EU27 
by 2020. 
VM)M)M)M( B"/.?4:(/4=(K@@6?4:(JQ0(CE/&"(?4(
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In the EU the RES share in the Heating and Cooling 
consumption grows from 9.8 % in the base year to 
almost 23.5 % by 2020 (Figure 11). Sweden has the 
highest RES share in H&C, where the RES share in 
the H&C consumption is foreseen to reach more 
than 62 % by 2020. In Latvia and Finland more 
than 40 % of the consumption will be covered by 
RES in H&C. 
The highest share development is in France, 
Hungary, Italy, Slovakia, UK, Ireland, Belgium, the 
Netherlands and Luxembourg. The RES proportion 
will be reduced in H&C in Estonia, Portugal and 
Malta between 2005 and 2020. 
Figure 10: RES H&C breakdown by source in MSs in 2020 
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This chapter gives an overview about the RES 
transport generation and transport RES share 
in consumption. The development of the RES 
transport, according to the NREAPs, in absolute 
and relative terms, is summarised in Table 17. 
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Figure 11: Share of RES in Heating & Cooling consumption 
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Table 17: RES in Transport
Transport  RES in PJ GJ/capita relative 2005=100%
2005 2010 2015 2020 2020 2010 2015 2020
BE 0.7 14.8 22.9 37.2 3.49 2151.8% 3317.6% 5404.5%
BG* n.a. 1.3 4.8 8.6 1.13 n.a. n.a. n.a. 
CZ 0.4 10.5 19.1 29.0 2.79 2777.8% 5055.6% 7677.8%
DK 0.4 1.8 11.2 12.2 2.23 466.7% 2955.6% 3222.2%
DE 87.7 157.5 146.1 257.9 3.14 179.6% 166.6% 294.1%
EE 0.2 0.0 1.5 3.8 2.83 27.8% 972.2% 2500.0%
IE 0.1 5.7 12.7 21.7 4.93 8628.7% 19193.6% 32973.9%
EL 0.1 4.6 16.5 26.6 2.37 9166.7% 32750.0% 52833.3%
ES 15.4 75.7 113.2 163.2 3.60 492.4% 736.2% 1061.4%
FR 22.8 121.7 135.0 170.6 2.76 532.7% 591.0% 746.7%
IT 13.4 50.0 85.7 121.8 2.04 374.2% 641.5% 911.6%
CY* n.a. 0.7 1.0 1.6 2.03 n.a. n.a. n.a. 
LV 0.3 1.8 2.2 3.5 1.54 600.0% 757.1% 1185.7%
LT 0.2 2.3 4.6 7.1 2.11 1536.1% 3072.2% 4708.3%
LU 0.1 1.8 3.5 9.5 19.63 2066.7% 4014.3% 10766.7%
HU 0.2 6.3 11.2 22.5 2.24 3000.0% 5320.0% 10700.0%
MT* n.a. 0.2 0.9 2.1 5.12 n.a. n.a. n.a. 
NL 0.3 13.4 24.8 38.0 2.32 3987.5% 7387.5% 11312.5%
AT 8.6 23.7 26.5 36.0 4.32 275.1% 308.3% 417.6%
PL 1.8 41.2 57.8 84.8 2.22 2281.4% 3200.0% 4693.0%
PT 0.5 12.6 19.6 22.5 2.12 2508.3% 3883.3% 4458.3%
RO 1.7 10.9 17.2 23.1 1.07 635.9% 998.5% 1346.2%
SI 0.2 1.9 3.6 8.5 4.20 1176.9% 2210.3% 5197.4%
SK 0.3 3.8 6.2 8.7 1.61 1125.0% 1837.5% 2587.5%
FI 0.8 10.1 18.5 25.2 4.75 1200.0% 2200.0% 3000.0%
SE 12.1 22.2 32.3 42.3 4.61 183.3% 266.7% 350.0%
UK 7.9 47.5 113.5 187.8 3.07 602.1% 1437.2% 2378.7%
EU27 176.0 644.0 912.0 1375.8 2.78 365.8% 518.1% 781.5%
*Malta, Bulgaria and Cyprus did not report RES transport 
generation data for 2005
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Figure 12: RES share in transport sector in source breakdown
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2005
RES transport % of
in PJ RES transport total RES transport
Bioethanol/  
bio-ETBE 22.17 12.59 0.54 0.18
Biodiesel 99.87 56.72 2.41 0.79
Hydrogen from 
renewables 0 0.00 0.00 0.00
Renewable 
electricity 45.5 25.84 1.10 0.36
Others 8.34 4.74 0.20 0.07
Total RES 
transport 176.06 100.00 4.25 1.40
total RES 4,119.22
Total transport 12,562.4
Total RES 
transport  
adjusted to the 
target
178.3
2010
RES transport % of
in PJ RES transport total RES transport
Bioethanol/  
bio-ETBE 120.56 18.72 2.10 0.92
Biodiesel 460 71.43 8.00 3.50
Hydrogen from 
renewables 0 0.00 0.00 0.00
Renewable 
electricity 54.58 8.47 0.95 0.41
Others 8.86 1.38 0.15 0.07
Total RES 
transport 644.01 100.00 11.20 4.89
total RES 5,738.65
Total transport 13,157.9
Total RES 
transport  
adjusted to the 
target
667.5
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2020
RES transport % of
in PJ RES transport total RES transport
Bioethanol/  
bio-ETBE 306.15 22.25 2.99 2.34
Biodiesel 906.47 65.89 8.84 6.92
Hydrogen from 
renewables 0.1 0.01 0.00 0.00
Renewable 
electricity 131.88 9.59 1.29 1.01
Others 31.19 2.27 0.30 0.24
Total RES 
transport 1,375.8 100.00 13.42 10.50
total RES 10,239
Total transport 13,105
Total RES 
transport  
adjusted to the 
target
1532
The total contribution of RES in 2020 in the EU, 
without double counting the electricity in transport, 
will be 1,375.8 PJ (32.757 Mtoe) as is shown in 
Table 17, and 1,532 PJ (36.476 Mtoe) with multiple 
counting of electricity use in road transport and 
Article 21.2 Biofuels (Table 12). Overall, this would 
represent 11.7% of the energy use in the transport 
sector, above the 10% binding target. 
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Figure 13: RES use in Transport with single counting and multiple counting 
The renewable electricity in transport is expected 
to increase from 45.3 PJ (1.1 Mtoe) in 2005 to 
131.5 PJ (3.1 Mtoe) in 2020. Of this, the renewable 
electricity in road transport should have a 
significant increase, rising from 0.5 PJ (12 ktoe) 
in 2005 to 29.3 PJ (701 ktoe) in 2020. Thus, if 
considering multiple counting, biofuels should 
represent 89.8% of the total RES used in transport, 
renewable electricity in road transport should be 
1.9% and biofuels should be 7.3% from wastes, 
residues, non-food cellulosic and lingo-cellulosic 
material in transport.
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Figure 14: RES share in Transport consumption 
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In the EU the RES share in the transport consumption 
grows from 1.4 % in the base year of 2005 to almost 
11.6 % by 2020 (Figure 14). Finland has the highest 
RES share in transport, more than 19 % of the 
consumption. 
Latvia, Estonia and Ireland are below; Slovakia, 
Portugal and Lithuania are around the 10 % RES 
share in transport.  All the other MSs are well above 
the 10 % RES share. 
The highest share development is in Estonia, Malta, 
Denmark, Bulgaria and Greece between 2010 and 
2020. 
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Table 18: Resource share in RES in EU27 in 2005, 
2010 to 2020 
2005* 2010 2020 CAGR 
2020/
2010
RES 
generation 
in PJ
% of 
total RES
RES 
generation 
in PJ
% of 
total RES
RES 
generation 
in PJ
% of 
total RES
Hydro 1,180.87 28.6 1,204.79 21.0 1,265.04 12.3 0.5
Geothermal 37.84 0.9 49.89 0.9 149.40 1.5 11.6
Solar total 35.04 0.8 132.90 2.3 639.22 6.2 17.0
    Solar 
electricity 6.60 0.2 76.90 1.3 373.19 3.6 17.1
PV 6.60 0.2 72.74 1.3 301.1 2.9 15.3
CSP 0 0.0 4.16 0.1 72.09 0.7 33.0
    Solar thermal 28.47 0.7 56.00 1.0 266.03 2.6 16.9
Marine 1.93 0.0 1.81 0.0 21.64 0.2 28.2
Wind total** 256.79 6.2 594.28 10.3 1,786.07 17.4 11.6
    Onshore 241.40 5.9 557.02 9.7 1,237.77 12.1 8.3
    Offshore 6.94 0.2 30.74 0.5 483.08 4.7 31.7
Heat pump 25.83 0.6 168.64 2.9 510.37 5.0 11.7
Biomass 2,455.41 59.5 3,002.62 52.3 4,635.95 45.2 4.4
Biofuel 130.56 3.2 589.43 10.3 1,243.93 12.1 7.8
Total RES 4,124.27 100.0 5,744.38 100.0 10,251.62 100.0 6.0
* MT and HU did not report the RES generation data for 2005
** BE and FI did not reported separately the onshore and offshore wind, they only reported the total wind energy. That is why 
the sum of onshore and offshore is different from the total wind data
O(O' @AA#AA1#5-'F2'?*0
This chapter reports on the assessment of the 
renewable energy sources, first in the RES mix in 
EU27, then the detailed assessments source by 
source.
VMVM+M( ["4"&/.?@4bJQ0($?c(?4(Qd)^
The RES generation mix in EU27 is presented in 
absolute and relative terms in Table 18 and Figure 
15 from 2005 to 2020.
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Biomass represents the highest share within 
renewables. The share decreases, starting from the 
base year, with 59.5 %, arriving to 45 % in 2020, as 
can be seen in Figure 15 and Table 18. 
Hydro had the second highest share in the base year 
(28.6%), but decreases to 12.3% by 2020, although 
the amount of hydro resources stays almost stable 
during the reporting period.
Wind energy development is also relevant, as it 
is with biofuels. Onshore wind and biofuels both 
arrive to a 12.1 % RES share by 2020.
Figure 16 and Figure 17 give an overview about the 
amount of the share of the renewable sources in the 
Member States by 2010 and by 2020.
Figure 15: RES mix in EU27 in 2020
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Figure 16: Composition of the different RES in the Member States by 2010 and by 2020 in PJ
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Figure 17: Relative share of the different RES in the total RES in the Member States in 2010 and 2020
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The growth rate calculations are used to assess the 
risk of the different technologies and resources, 
and the assessment of development. Table 19, 20, 
Table 21 and Figure 18 summarise the calculations 
for EU27. We refer to these figures in the related 
chapters. 
Table 19: Yearly growth rate of energy production from 
renewable resources in EU27
% 20052010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Hydro 2.0 -0.1 0.4 0.5 0.6 0.3 0.3 1.0 0.5 0.6 0.8
Geothermalth+e 31.6 10.7 9.5 11.3 11.9 9.6 14.3 12.3 13.3 10.3 12.7
Solar 279.3 38.0 21.3 17.5 15.4 14.4 14.4 13.3 12.9 12.1 12.2
       electricity 1070.2 48.5 25.0 17.9 15.1 13.3 12.6 11.6 10.9 10.6 10.3
                 PV 1001.9 43.5 20.7 15.7 13.9 12.4 11.5 10.6 9.9 9.3 8.9
               CSP n.a.* 134.9 70.7 34.4 22.8 18.6 19.0 17.2 16.4 16.7 16.5
       thermal 96.7 23.7 15.3 16.8 16.0 16.4 17.7 16.2 16.1 14.5 15.0
Marine - 6.4 0.2 14.5 13.6 15.2 14.9 95.1 53.1 34.6 33.7 28.9
Wind 131.4 15.6 14.1 13.7 12.6 11.1 10.9 10.5 10.1 8.7 9.2
        onshore 130.7 13.9 11.2 9.5 9.5 8.5 6.8 6.3 6.7 5.4 5.7
        offshore 343.2 36.8 49.0 55.4 34.3 26.6 30.7 28.1 22.5 19.1 19.4
Heat pump 553.0 16.9 14.9 10.3 10.2 10.5 11.0 10.5 10.9 10.1 11.9
Biomass 24.2 4.3 3.9 4.7 4.3 4.2 4.6 4.7 4.5 5.3 4.4
Biofuel 357.9 9.2 7.9 2.6 9.1 6.6 7.0 10.9 7.0 5.9 11.4
Total RES 41.0 6.3 5.8 5.5 6.0 5.5 5.9 6.5 6.0 6.0 6.6
* in 2005 there is no CSP reported
-: means decrease
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Table 20: RES generation CAGR to 2010
CAGR %
2010 
to 
2005
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Hydro 0.4 -0.1 0.1 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.5
Geothermalth+e 5.7 10.9 10.3 10.6 11.0 10.7 11.3 11.4 11.6 11.5 11.6
Solar 30.6 38.1 29.4 25.1 22.8 21.1 20.0 19.0 18.2 17.5 17.0
         electricity 63.5 48.5 36.2 29.5 26.0 23.3 21.5 20.0 18.8 17.9 17.1
                 PV 61.6 43.5 31.6 25.8 22.9 20.8 19.2 17.9 16.9 16.0 15.3
               CSP n.a.* 134.9 100.2 74.3 60.4 51.0 45.1 40.7 37.4 35.0 33.0
          thermal 14.5 23.7 19.5 18.4 18.0 17.7 17.7 17.5 17.3 17.1 16.9
Marine -1.3 0.2 7.1 9.1 10.7 11.5 22.4 26.4 27.4 28.1 28.2
Wind 18.3 15.6 14.8 14.3 14.0 13.4 13.0 12.6 12.3 11.9 11.6
          onshore 18.2 13.9 12.5 11.4 11.0 10.5 9.9 9.4 9.0 8.6 8.3
          offshore 34.7 36.8 42.8 46.3 43.6 40.1 38.5 36.9 35.0 33.2 31.7
Heat pump 45.5 16.9 15.9 13.9 13.1 12.5 12.3 12.0 11.9 11.7 11.7
Biomass 4.1 4.1 4.1 4.2 4.2 4.2 4.2 4.3 4.3 4.4 4.4
Biofuel 36.0 9.2 8.6 6.5 7.2 7.1 7.1 7.6 7.5 7.4 7.7
Total RES 6.9 6.2 6.0 5.7 5.8 5.7 5.7 5.9 5.9 5.9 6.0
* in 2005 there is no CSP reported
-: means decrease
Figure 18: CAGR of the RES according the NREAPs for EU27 
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Table 21: RES capacity CAGR in electricity to 2010
%
2005
2010
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Hydro 0.7 0.5 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.7 0.7
Geothermal 1.9 3.4 3.9 4.4 4.9 5.0 5.1 5.2 6.0 6.2 7.1
Solar 63.7 29.1 23.3 20.5 18.6 17.3 16.2 15.3 14.5 13.9 13.3
         PV 62.9 26.8 21.5 19.1 17.5 16.3 15.4 14.5 13.9 13.2 12.7
        CSP n.a. 122.9 81.7 60.7 48.5 41.2 36.6 33.2 30.6 28.7 27.2
Tide, Wave 
Ocean 0.4 0.0 3.2 4.7 7.1 8.7 16.5 20.2 22.7 23.7 24.1
Wind 16.0 13.3 12.6 11.9 11.4 11.0 10.7 10.8 10.1 9.9 9.7
        onshore 15.5 12.2 11.1 10.1 9.5 9.1 8.6 8.7 7.9 7.6 7.3
        offshore 30.0 38.5 44.8 48.3 45.0 41.3 39.6 37.8 35.7 33.7 32.2
Biomass 7.6 5.8 6.7 8.1 7.7 7.4 7.3 7.0 6.9 6.8 6.7
        Solid 6.3 4.0 6.1 8.5 8.1 7.7 7.5 7.2 7.0 6.9 6.7
        Gas 15.2 7.7 7.6 7.7 7.9 7.8 7.8 7.6 7.5 7.6 7.6
        liquid 23.1 12.6 10.8 8.5 7.4 6.7 6.2 5.9 5.6 5.3 5.1
Total 8.3 7.4 7.7 7.6 7.4 7.2 7.2 7.2 6.9 6.8 6.9
Figure 19: CAGR of the RES electricity capacity according to the NREAPs for EU27 
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In the case of Ireland, France, UK and Lithuania the 
pump storage was included in the reported hydro 
data; in this report the pumping data are excluded. 
There were no detailed hydropower data for 
Bulgaria, Ireland, and the Netherlands and 
UK introduced different sizing in the reporting 
template.
The hydropower is a well-experienced technology 
with little remaining potential, so almost no 
increase is expected. The hydroenergy resource 
stays nearly constant through 2010-2020. The 
share of hydropower decreases from 21 to 12 % 
(Table 18). 
The leading countries remain the same from 2005 to 
2020. Sweden and France have the highest amount 
of hydroenergy resources, with more than 200 PJ 
(245.3 and 239.7), Italy and Austria around 150 PJ 
(141.8 and 152.1) and Spain higher than 100 PJ (114 
PJ).  These five countries represent the 70 % of the 
total hydro energy of EU27. 
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Table 22: Comparative data for the hydro resources for the 27 
MSs (RES Electricity Installed capacity in 2020)  
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Slovenia and Austria have the highest hydro share 
within renewables electricity with 83 and 80 %, 
followed by Sweden, Slovakia and Romania (69.9, 
67.5 and 63.0 %) (Figure 4). 
Austria has the highest hydro share within 
renewables in 2020, with 39.1 % (Figure 16 and 
Figure 17), Slovenia has 32 %, Sweden 29.6%, 
Slovakia 27.3 % and Romania 23.5 %. 
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The biggest relative change, compared to 2010, in 
hydro energy is expected in the Netherlands, where 
the hydro energy generation will be more than five-
fold in 2020, as shown in Figure 20. The amount of 
hydro energy in Italy, Ireland and Denmark remains 
stable, in Sweden it will decrease by 5 %.
Figure 20: The hydro energy development between 2005 and 2010 
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The solar resource (thermal and electricity together) 
quadruples from 2010 to 2020 (132.9 PJ to 639.22 
PJ). The share increases from 2 to 6 % (Table 18). 
The leading countries with the highest solar energy 
generation by 2020 are Germany (201.8 PJ), Spain 
(134.2) and Italy (107.6). By 2020, these three 
countries represent 70 % of the total solar energy 
of EU27. France and Greece have 63.8 and 27.9 PJ. 
Germany maintains its leading role from 2005 on. 
Greece grows with the least intensity among those 
countries. 
Cyprus has the highest solar share within 
renewables in 2020 with 51.9 % (Figure 17), 
Spain 14.5 %, Greece 13.7 %, Italy 12.1 % and Malta 
11.8 %. 
The biggest relative change, compared to 2010, in 
solar energy is expected in Poland, where the solar 
energy generation will be more than twenty-fold 
in 2020. Sweden has almost no growth in solar 
energy, Denmark grows by one and a half, and 
Austria, Cyprus and Malta double the solar energy 
generation from 2010 to 2020. 
VMVMWM+M(0@6/&("6"#.&?#?.O
The solar electricity generation (PV and CSP) in the 
EU27 is almost five times more in 2020 than in 2010 
(76.5 PJ to 373.2 PJ). The share increases from 3.3 to 
8.63 % (Figure 3). 
Cyprus has the highest solar share within 
renewables electricity with 45.4 %; Spain and 
Germany have 19.8 and 19.1 %, respectively, 
followed by the Czech Republic, Greece, Italy 
and Luxembourg with 14.8, 13.2, 11.8 and 10.8 %, 
respectively (Figure 4). 
The leading countries with the highest solar 
electricity generation by 2020 are Germany with 
around 150 PJ, Spain with 107 PJ, and Italy with 40.1 
PJ. By 2020 these three countries represent 80 % of 
the total electricity of EU27. Germany maintains its 
leading role from 2005 on. 
The biggest relative change in solar electricity, 
compared to 2010, is expected in Cyprus, where the 
solar electricity generation is forecasted to be more 
than eighty-fold in 2020; in the UK more than fifty-
fold, and Hungary reported more than forty-fold. 
Denmark doubles its solar electricity, Sweden and 
the Czech Republic almost triple solar electricity 
generation from 2010 to 2020. 
PV
Cyprus has the highest PV share within renewables 
in 2020 with 10.2 % (Figure 4, Figure 16 and Figure 
17). Germany has 9.3 %, Malta 6.75 %, Spain 5.6 %, 
Greece 5.1 %. Italy and the Czech Republic have 3.9 
and 3.4 %. 
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Table 23: PV electricity and NREAP comparison
PV
 o
ut
pu
t p
er
 k
W
p 
at
 o
pt
im
um
 
an
gl
e,
 u
rb
an
 a
re
as
N
RE
AP
 2
01
0 
N
RE
AP
 2
02
0 
in
st
al
le
d 
ca
pa
ci
ty
PV
 g
en
er
at
ed
 
el
ec
tr
ic
it
y
Ca
lc
ul
at
ed
 p
ot
en
tia
l
in
st
al
le
d 
ca
pa
ci
ty
PV
 g
en
er
at
ed
 
el
ec
tr
ic
it
y
Ca
lc
ul
at
ed
 p
ot
en
tia
l
M
in
.
Av
g.
M
ax
.
m
in
 
m
ax
 
m
in
 
m
ax
 
kW
h/
ye
ar
M
W
PJ
G
W
h
G
W
h
G
W
h
M
W
PJ
G
W
h
G
W
h
G
W
h
B
E
86
6.
0
92
9.
6
10
07
.6
35
0
1.
10
30
4.
0
30
3
35
3
13
40
4.
11
11
39
.0
11
60
13
50
B
G
10
05
.9
12
17
.8
13
88
.4
9
0.
04
12
.0
9
13
30
3
1.
64
45
4.
0
30
5
42
1
CZ
83
8.
6
94
5.
6
10
39
.7
16
50
2.
09
57
8.
0
13
84
17
15
16
95
6.
23
17
26
.0
14
21
17
62
D
K
84
1.
2
94
5.
1
10
54
.1
3
0.
01
2.
0
2.
5
3
6
0.
01
4.
0
5
6.
3
D
E
82
5.
5
93
6.
0
10
85
.8
15
78
4
34
.3
0
94
99
.0
13
03
0
17
13
8
51
75
3
14
9.
47
41
38
9.
0
42
72
3
56
19
3
EE
81
3.
5
86
7.
7
89
8.
8
0
0.
00
0.
0
0
0
0
0.
00
0.
0
0
0
IE
78
9.
5
90
8.
6
10
66
.7
0
0.
00
0.
0
0
0
0
0.
00
0.
0
0
0
EL
12
00
.0
14
45
.0
16
67
.0
18
4
0.
87
24
2.
0
22
1
30
7
22
00
10
.4
4
28
91
.0
26
40
36
67
ES
96
8.
2
14
70
.7
16
64
.0
40
21
23
.1
7
64
17
.0
38
93
66
91
83
67
51
.7
0
14
31
6.
0
81
01
13
92
3
FR
85
8.
0
11
16
.7
15
15
.3
50
4
2.
21
61
3.
0
43
2
76
4
48
60
21
.3
5
59
13
.0
41
70
73
64
IT
77
2.
9
13
26
.0
16
24
.0
25
00
7.
10
19
67
.0
19
32
40
60
80
00
34
.8
5
96
50
.0
61
83
12
99
2
CY
15
63
.6
16
29
.8
16
83
.1
6
0.
02
6.
5
9
10
19
2
1.
12
30
9.
0
30
0
32
3
LV
81
7.
8
89
0.
2
99
2.
6
0
0.
00
0.
0
0
0
2
0.
01
4.
0
1.
6
2
LT
82
4.
5
88
4.
4
10
11
.0
1
0.
00
0.
0
1
1
10
0.
05
15
.0
8.
2
10
LU
90
0.
3
93
9.
6
96
7.
5
27
0.
07
20
.0
24
26
11
3
0.
30
84
.0
10
2
10
9
H
U
99
1.
6
11
04
.7
11
59
.2
0
0.
01
2.
0
0
0
63
0.
29
81
.0
62
73
M
T
15
72
.1
15
84
.2
15
99
.2
4
0.
02
6.
2
6.
4
6.
5
28
0.
15
42
.7
44
45
N
L
86
4.
7
93
2.
6
10
20
.7
92
0.
26
73
.0
80
94
72
2
2.
06
57
0.
0
62
4
73
7
AT
85
3.
6
10
26
.9
11
69
.6
90
0.
31
85
.0
77
10
5
32
2
1.
11
30
6.
0
27
5
37
7
PL
83
3.
6
93
7.
2
97
9.
7
1
0.
00
1.
0
0.
8
1
3
0.
01
3.
0
2.
5
3
PT
12
70
.7
14
94
.0
16
48
.6
15
6
0.
83
23
0.
0
19
8
25
7
10
00
5.
33
14
75
.0
12
71
16
49
RO
89
1.
1
11
32
.7
12
78
.3
0
0.
00
0.
0
0
0
26
0
1.
16
32
0.
0
23
2
33
2
SI
93
1.
6
10
85
.2
12
49
.7
12
0.
04
12
.0
11
15
13
9
0.
50
13
9.
0
12
9.
5
17
4
SK
84
5.
5
10
20
.7
11
16
.8
60
0.
11
30
.0
51
67
30
0
1.
08
30
0.
0
25
4
33
5
FI
76
5.
3
83
7.
9
89
5.
5
0
0.
00
0.
0
0
0
0
0.
00
0.
0
0
0
SE
63
9.
1
86
2.
0
10
50
.8
5
0.
01
1.
4
3.
4
5.
6
8
0.
01
4.
0
5
8.
4
U
K
71
0.
0
92
0.
2
11
21
.0
50
0.
14
40
.0
35
.5
56
26
80
8.
09
22
40
.0
19
01
30
04
61
8JK(J"7"&"4#"(J"L@&.
Table 24: PV benchmark potential and share of demand 
Taking into account that13 in EU27 3887 GW PV can 
be installed, the 84.4 GW installed capacity by 2020 
is 2.3 % of the potential which, with the current 
support scheme, technically can be reached. 
The data summarised in Table 24 show the installed 
capacity from the NREAPs as a percentage of the 
potential PV installation.
13 Calculated based on the PVGIS and ECOFYS Study 25,887 
km2 area can be used for PV in the EU27 which means 
3,887 GW PV installation.
14 0.6 % [17].
Country
Total land 
area
km2
Land area 
suitable 
for  PV14
km2
Max 
potential 
PV 
installation
GW15
PV in 
NREAP
MW
% of the 
potential
Low 
summer 
demand of 
electricity 
16 GW
Highest 
share 
of PV in 
demand
%
Capita
*1000
kW/
capita 
potential
W/capita 
NREAP
BE 30,672 184.03 27.63 1,340 4.85 6.32 15.89 10,667 2.6 125.6
BG 110,787 664.72 99.81 303 0.30 2.57 8.86 7,640 13.1 39.7
CZ 78,865 473.19 71.05 1,695 2.39 4.72 26.92 10,381 6.8 163.3
DK 43,384 260.30 39.08 6 0.02 2.10 0.21 5,476 7.1 1.1
DE 357,516 2,145.10 322.09 51,753 16.07 35.56 109.17 82,218 3.9 629.5
EE 45,426 272.56 40.92 0 0 0.51 0.00 1,341 30.5 0.0
IE 70,173 421.04 63.22 0 0 1.60 0.00 4,401 14.4 0.0
EL 132,014 792.08 118.93 2,200 1.85 3.33 52.92 11,214 10.6 196.2
ES 498,558 2,991.35 449.15 8,367 1.86 18.95 35.32 45,283 9.9 184.8
FR 549,182 3,295.09 494.76 4,860 0.98 32.09 11.36 61,876 8.0 78.5
IT 301,392 1,808.35 271.52 8,000 2.95 21.58 27.80 59,619 4.6 134.2
CY 9,360 56.16 8.43 192 2.28 0.34 42.73 789 10.7 243.3
LV 64,592 387.55 58.19 2 0.00 0.41 0.36 2,271 25.6 0.9
LT 64,878 389.27 58.45 10 0.02 0.71 1.05 3,366 17.4 3.0
LU 2,598 15.59 2.34 113 4.83 0.36 23.41 484 4.8 233.5
HU 93,010 558.06 83.79 63 0.08 2.87 1.64 10,045 8.3 6.3
MT 316 1.90 0.28 27.88 9.79 0.92 410 0.7 68.0
NL 37,358 224.15 33.66 722 2.15 8.11 6.68 16,405 2.1 44.0
AT 83,923 503.538 75.61 322 0.43 3.73 6.47 8,332 9.1 38.6
PL 311,895 1,871.37 280.99 3 0.00 9.62 0.02 38,116 7.4 0.1
PT 89,072 534.43 80.25 1,000 1.25 3.59 20.92 10,618 7.6 94.2
RO 237,938 1,427.63 214.36 260 0.12 4.05 4.81 21,529 10.0 12.1
SI 20,273 121.64 18.26 139 0.76 0.84 12.37 2,026 9.0 68.6
SK 49,028 294.17 44.17 300 0.68 2.25 10.01 5,401 8.2 55.5
FI 337,781 2,026.69 304.31 10 0.00 5.50 0.14 5,300 57.4 1.9
SE 449,498 2,696.99 404.95 8 0.00 9.41 0.04 9,183 44.1 0.9
UK 244,736 1,468.42 220.48 2,680 1.22 21.50 9.97 61,186 3.6 43.8
EU27 4,314,541 25,887.25 3,886.97 84,345.88 2.17 495,577 7.8 170.3
The average value for Europe is 2.3 %, with some 
countries showing a potential exploitation close 
or over 10% (Germany uses around 16 % of the 
potential, Malta almost 10 %), Belgium and 
Luxembourg around 4.8 %, and several other 
countries with exploitation smaller than 1%. 
15 6.66 m2 = 1 kW capacity.
16 Summer demand between the period of April-September 
during sunshine hours, winter period between October 
and March.
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The highest share of demand of PV is in Germany, 
followed by the Netherlands, Spain, Greece and 
Cyprus (Figure 21).
Figure 22 shows the share of PV in the low summer 
demand. For those countries where the share is 
higher than 40 % substantial take care of integration 
and balancing is required.
The countries underestimate their potential and are 
careful with their PV proposals. 
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Figure 21: Use of PV as % of the benchmark potential by 2020 
The Czech Republic was the third largest market 
in Europe for photovoltaic systems, with more 
than 1.3 GW of new installations in 2010, reaching 
a cumulative nominal capacity of 1.8 GW and 
exceeding their own target of 1.65 GW set in the 
National Renewable Action Plan for 2020.
PV share in low summer demand
The highest PV share of low summer demand is in 
Germany, the Netherlands, Spain and Greece. In 
Germany this share is higher than 100 % (Figure 22). 
Figure 22: PV share of low summer demand in 2020
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Leading countries
In terms of PV utilization Germany maintains its 
leading position since 2005 and has the highest 
production in PV energy by 2020, with an amount 
of 149.5 PJ, representing the 50 % of the total PV 
<,*)3'V,%8X%-"#S34%3#%34,%.,)"%6=@=
$ ($$ #$$$ #($$
CD
CE
FG
HI
HD
DD
JD
DK
DL
MN
JO
FP
KQ
KO
KR
SR
TO
UK
@O
VK
VO
NW
LJ
LI
MJ
LD
RI
B
%$%$_%$#$!!!!%$#$`#$$B
()$$[$$
'$($[$$
'*+&[%+
&*+&[&&
8X%03'*'W)3'#(%A,V,*#21,(3
$ ($ #$$ #($
CD
CE
FG
HI
HD
DD
JD
DK
DL
MN
JO
FP
KQ
KO
KR
SR
TO
UK
@O
VK
VO
NW
LJ
LI
MJ
LD
RI
89
%$%$ %$#$ %$$(
Figure 23: Solar PV utilization development
energy production in EU 27 (301.1 PJ). Spain, Italy, 
France and Greece contribute with 51.7 PJ, 34.9 PJ, 
21.35 PJ and 10.5 PJ. These countries account for 
approx. 90 % of the PV production in EU 27. 
The biggest relative change in PV electricity, 
compared to 2010, is expected in UK, Cyprus, 
Hungary and Bulgaria, (Figure 23).
Concentrated Solar Power (CSP)
The CSP energy reported in the NREAPs by 2020 
is 72.09 PJ in EU27, which represents 0.7 % of the 
renewable energy mix (Table 18).
The CSP generation share reported in the NREAPs 
will reach 19.3 % of solar electricity by 2020 and 
the share of the RES electricity 1.7 %, with a yearly 
average growth of 28 %. By 2010 the CSP technology 
is present only in Spain, with an amount of 4.13 PJ, 
and Italy with 0.03 PJ. In all the other Member States 
the technology is introduced later. From a technical 
and resource point of view there is no risk, however, 
the later introduction can mean a capital risk. 
Leading countries 
Spain, Italy, France, Greece and Portugal presented 
CSP technology by 2020 with an amount of 55.45 
PJ, 6.14 PJ, 3.61 PJ, 3.51 PJ and 0.81 PJ. Spain 
alone represents 77 % of the total CSP electricity 
production in EU 27. 
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The highest CSP share within the renewables 
electricity is in Cyprus and Spain with 19.1 % and 
10.2 %. (Figure 4). 
Also Cyprus and Spain have the highest CSP share 
within renewables in 2020 with 7.36 % and 6 % 
(Figure 17). 
The biggest relative change in CSP energy, 
compared to 2010, is expected in Italy, as can be 
seen in Figure 24.
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Table 25: Indicators for the 
CSP technology
Country GJ/capita
EL 0.04
ES 27.37
FR 0.08
IT 1.39
CY 1.03
PT 0.09
Figure 24:  CSP utilization development 
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In 2005 EREC (European Renewable Energy 
Council) [26]   presented an ambitious target of 
1m2/habitant in Europe by 2020, corresponding 
to 700 kWth/1000 capita. EREC reports a minimum 
target of 91 GWth by 2020 as well. 
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The potential in EU has been studied by RESTMAC 
[29] along three scenarios. The BAU shows a 7 % 
annual growth from 2006 onwards, while the AMD 
requires a 15 % annual growth and the RDP a 26 % 
growth. The latter corresponds to 12 % of the share 
for solar thermal of an increase of RE (referred to 
8.5 % in 2005).
The AMD scenario indicates a solar thermal 
contribution of 2.4 % of the 20 % target for RES in 
2020, corresponding to 59 TWh. The NREAP data 
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presented for the solar thermal share gives 73 TWh, 
mainly due to ambitious growth in Italy, France and 
Poland, besides the continuing growth in Germany 
and Spain.
Along these lines, a solar thermal potential may 
be defined as 15% annual growth. The Figure 25 
shows the expected growth per 1000 inhabitants. 
The ambitious growth for the next 10 years of some 
countries like Italy and Poland is notable.
Figure 25: Growth in ten years for solar thermal energy, based on NREAP data by Member States
In the solar thermal market an increase can be 
observed from data available for EU27. All data in 
GWh(th)
Notes: IEA data taken for all buildings; residential, 
public and services, other applications excluded. 
The JRC solar yield is applied to calculate the solar 
thermal energy for each individual country. NREAP 
data has been taken to have an impression of the 
growth in EU27.
EU27 IEA 2008 NREAP 2010 NREAP 2020
Solar Thermal Energy 
[GWh(th) ]
12569 16695 73011
The annual growth, according to this data, 2008-
2009 is 2344 GWh(th) and for 2009-2010 is 1781 
GWh(th). According to the NREAPs, the growth in 
the next ten years is 56316 GWh(th) on average 
every year about 5632 GWh(th). This means that 
growth will have to pick up considerably in those 
Member States such as Italy, Poland and France 
that have indicated strong growth (>500%) for the 
next decennium. See Figure 25 also.
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Figure 26: Share of RES and solar thermal energy to final energy consumption by 2020
Figure 27: Solar thermal share (%) and RES (in ktoe) per 1000 inhabitants to the final energy consumption by 2020 (based on 
NREAP data from Member States)
Several Northern-EU countries have mainly biomass and only little solar thermal contributions.
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Figure 28: Solar thermal utilization development 
The solar thermal energy reported in the NREAPs by 
2020 is 266.03 PJ in EU27, which represents 2.6 % 
of the renewable energy mix quadrupling between 
2010 and 2020 (Table 18).
Italy, Germany, France, Spain and Poland have the 
highest production in solar thermal energy by 2020 
(with an amount of 66.5 PJ, 52.1 PJ, 38.8 PJ, 27 PJ 
and 21.2 PJ); these five countries represent 77 % 
of the total solar thermal production in the EU27. 
Germany, Austria and Greece were the leading 
countries in 2005.
The highest geothermal share within the 
renewables H&C, with 73.2 and 61.6 %, are Cyprus 
and Malta (Figure 10). 
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The highest solar thermal share within renewables 
in 2020 belongs to Hungary with 34.5 % (Italy 7.5 
%, and Greece 7.3 % (Figure 16 and Figure 17),
The biggest relative change, compared to 2010, 
in geothermal energy is expected in Poland and 
Romania, where the geothermal energy generation 
will be more than seventy- and twenty-fold in 2020, 
respectively (Figure 28). In Malta, UK, Sweden and 
the Netherlands the solar thermal amount remains 
stable.
VMVMYM( <?4=
The wind resource (onshore and offshore together) 
triples from the year 2010 to 2020 (594.28 PJ to 
1786.1 PJ). The share increases from 10.3 to 17.4 % 
(Table 18). 
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The leading countries with the highest wind energy 
generation by 2020 are Germany (377.15 PJ), UK 
(282.66 PJ), Spain (282.61 PJ) and France (209.1 
PJ). By 2020, these four countries represent 64 % 
of the total wind energy of EU27. The Netherlands 
has 117 PJ. Germany maintains its leading role from 
2005 onward.
Ireland and Estonia have the highest wind share 
within renewables electricity, with 86.1 % and 80.3 
%; UK, Netherlands and Greece have 66.9, 64.4 and 
61.6 %, followed by Malta, Denmark and Spain with 
58.8, 56.2 and 52.2 % (Figure 4). 
Ireland also has the highest wind share within 
renewables in 2020 with 46.1 % (Figure 16 and 
Figure 17), Malta has 40.2 %, the Netherlands, UK 
and Spain have 38, 32.9 and 30.5 % (Greece 29.7 %, 
Germany 23.3 % and Portugal 20.8 %). 
The biggest relative change in wind energy, 
compared to 2010, is expected in Slovenia and 
Slovakia. In Spain wind energy will not even double 
the wind energy generation and in Denmark and 
Portugal the growth is less than one and a half.
No diversification has been reported for onshore/
offshore wind resources in the NREAPs of Belgium 
and Finland.
The total wind capacity will be 213.4 GW in 2020, 
growing from 84.9 GW in 2010. The onshore wind 
capacity changes from 81 GW in 2010 to 164.5 GW 
in 2020, and the offshore from 2.5 GW 2010 to 41.3 
GW in 2020. 
Wind yearly growth rate changes from 15.6 % to 
9.2 %. Offshore wind has the second highest yearly 
growth rate (higher than 30 % till 2016) until 2020 
and the growth increases until 2013. 
Wind has the highest capacity proportion in the 
RES electricity production in 2020 in Estonia, 
with almost 99 % and in Ireland with 91 %, in the 
Netherlands; wind capacity share in the UK, Malta 
and Poland reaches 74.5, 72.9, 68.5 and 64.3 %.
Offshore wind has the highest proportion in wind 
capacity in Malta, UK and the Netherlands with 
86.7, 46.6 and 46.3 % in 2020. 
Wind has the highest capacity proportion in the RES 
electricity production in 2010 in Estonia with almost 
95.3 %, Cyprus and Ireland with 87.2 and 87 %, in 
Denmark, UK, the Netherlands and Lithuania, wind 
has a capacity share of 77.7, 59.6, 58.6 and 52.5 %, 
respectively.
Offshore wind has the highest proportion in wind 
capacity in UK and Denmark with 25.6 and 18.4 % 
in 2010. 
VMVMYM+M(H4CE@&"(\?4=
The EU27 NREAPs described 164.5 GW onshore 
wind installed in 2020 (with a share of 77.1 % of the 
total wind energy installed capacity by 2020). 
In the Czech Republic, Hungary, Luxembourg, 
Slovakia and Slovenia no competitive wind 
resources are available. Malta and Slovenia will 
not introduce onshore wind before 2014. In these 
countries, starting from a later installation of an 
already established technology, this means no 
technology risk, however it can mean a capital risk 
in achieving the 2020 targets. 
The reported yearly generation potential of 
338,879 GWh by 2020 is 3.8 % of the 8,919 TWh 
onshore wind competitive17 generation potential. 
This is from a resource and technical point of view 
feasible.
17  Taking into account the [EEA Report], the competitive is 
cost class with average production cost lower than 5.5 
cent/kWh.
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(BE and FI did not report separately the onshore and offshore wind resources)
Figure 29: Onshore wind utilization development 
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Table 26: Wind capacity and electricity share of demand 
in 2020 summary table for the MSs
NREAP installed capacity 2020  
MW W/capita in 2020 Demand share
Onshore offshore total Onshore offshore total
2010
Low 
winter 
demand 
GW
availability Share of demand %
BE n.a. n.a. 4320 n.a. n.a. 404.99 6.98 90 55.73
BG 1256 0 1256 164.40 0.00 164.40 3.09 90 36.54
CZ  743  0 743 71.57 0.00 71.57 5.18 90 12.91
DK 2621 1339 3960 478.63 244.52 723.16 2.55 90 139.93
DE 35750 10000 45750 434.82 121.63 556.45 34.82 90 118.24
EE 400 250 650 298.28 186.43 484.71 0.60 90 97.34
IE 4094 555 4649 930.24 126.11 1056.35 1.87 90 223.75
EL 7200 300 7500 642.05 26.75 668.81 3.90 90 173.08
ES 35000 3000 38000 772.92 66.25 839.17 9.47 90 361.06
FR 19000 6000 25000 307.07 96.97 404.03 34.91 90 64.46
IT 12000 680 12680 201.28 11.41 212.68 20.03 90 56.97
CY 300 0 300 380.23 0.00 380.23 0.35 90 77.14
LV 236 180 416 103.92 79.26 183.18 0.55 90 68.45
LT 500 0 500 148.54 0.00 148.54 0.69 90 70.64
LU 131 0 131 270.66 0.00 270.66 0.40 90 29.48
HU 750 0 750 74.66 0.00 74.66 3.09 90 21.82
MT* 14.45 95 109.45 35.24 231.71 266.95 0.18 90 53.83
NL 6000 5178 11178 365.74 315.64 681.38 2.40 90 419.18
AT 2578 0 2578 309.41 0.00 309.41 3.43 90 67.59
PL** 6150 500 6650 161.35 13.12 174.47 10.68 90 51.41
PT 6800 75 6875 640.42 7.06 647.49 3.80 90 162.70
RO 4000 0 4000 185.80 0.00 185.80 4.33 90 83.12
SI 106 0 106 52.32 0.00 52.32 0.37 90 26.14
SK 350 0 350 64.80 0.00 64.80 2.41 90 13.09
FI n.a. n.a. 2500 n.a. n.a. 471.70 7.71 90 29.20
SE 4365 182 4547 475.33 19.82 495.15 14.20 90 45.88
UK 14890 12990 27880 243.36 212.30 455.66 23.60 90 106.32
EU 27 164491.5 41324 213378.5 331.92 83.39 430.57
*and ** MT and Poland included also a category named “small wind", it was taken into account as onshore wind
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Table 27: Comparative table for competitive wind 
resources for the 27 MSs by 2020
NREAP 2020 GWh kWh/capita EUROSTAT in 2006
EEA Generation potential of 
wind energy on land by 2020 
TWh
On-shore Off-shore total On-shore Off-shore total TWh
Not 
compe-
titive
Most 
likely 
compe-
titive
Compe-
titive
BE  n.a. n.a. 10474 n.a. n.a. 981.91 0.36 371 53 12
BG 2260 0 2260 295.81 0.00 295.81 0.02 540 14 34
CZ 1496 0 1496 144.11 0.00 144.11 0.05 687 1 0
DK 6391 5322 11713 1167.09 971.88 2138.97 6.11 0 65 687
DE 72664 31771 104435 883.80 386.42 1270.22 30.71 3376 384 258
EE 974 563 1537 726.32 419.84 1146.16 0.08 419 111 142
IR 10228 1742 11970 2324.02 395.82 2719.84 1.62 0 7 1308
EL 16125 672 16797 1437.93 59.93 1497.86 1.7 261 54 251
ES 70502 7753 78255 1556.92 171.21 1728.13 23.02 2316 170 263
FR 39900 18000 57900 644.84 290.90 935.74 2.15 3951 733 576
IT 18000 2000 20000 301.92 33.55 335.46 2.97 983 57 112
CY 499 0 499 632.45 0.00 632.45 na 48 8 4
LV 519 391 910 228.53 172.17 400.70 0.05 614 154 85
LT 1250 0 1250 371.36 0.00 371.36 0.01 703 13 30
LU 239 0 239 493.80 0.00 493.80 0.06 30 0 0
HU 1545 0 1545 153.81 0.00 153.81 0.04 557 0 0
MT* 38 216 254 92.68 526.83 619.51 0 0 0 7
NL 13372 19036 32408 815.12 1160.38 1975.50 2.73 217 158 158
AT 4811 0 4811 577.41 0.00 577.41 1.72 463 3 7,.3
PL 13160 1500 14660 345.26 39.35 384.62 0.26 3437 134 112
PT 14416 180 14596 1357.69 16.95 1374.65 2.93 601 13 63
RO 8400 0 8400 390.17 0.00 390.17 0.001 1103 19 38
SL 191 0 191 94.27 0.00 94.27 na 106 0 0
SK 560 0 560 103.68 0.00 103.68 0.006 323 0 0
FI  0 n.a. n.a. 0.00 0.16 4016 204 198
SE 12000 500 12500 1306.76 54.45 1361.21 0.99 3900 528 620
UK 34150 44120 78270 558.13 721.08 1279.21 4.23 0 447 3961
EU 27 338879 133766 472645 683.81 269.92 953.73 81.977 29022 3330 8919
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Share of demand
The highest grid share of wind is in the Netherlands, 
Spain, Ireland and Greece. In Denmark Portugal 
and Germany, UK and Estonia a grid share is still 
higher than 100 % (Figure 31). This means, and it 
was expressed also by the Member States, that grid 
capacity development or storage has to be solved in 
the Member States.
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Figure 30: Use of onshore wind % of the environmental 
and commercial competitive benchmark potential by 
2020 (EEA) by 2020 
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Figure 31: Possible wind electricity generation in the % of low winter demand in 2020 in EU27
The onshore wind energy reported in the NREAPs by 
2020 is 1237.8 PJ in EU27, which represents 12.1 % 
of the renewable energy mix (Table 18).
The onshore wind generation share reported in the 
NREAPs will reach 70 % of the wind electricity by 
2020 and the share of the RES electricity 28.6 % 
(Figure 3), with a yearly average growth of 8.4 %. 
Leading countries 
Germany and Spain presented the highest onshore 
wind energy production by 2020, with an amount 
of 262.4 PJ and 254.6 PJ, and represent 41.8 % of 
the total onshore wind electricity production in EU 
27. With France and the UK (144.1 PJ and 123.3 PJ) 
together, these four countries give 63.4 % of the 
onshore wind energy. 
The highest onshore wind share within the 
renewables electricity is in Ireland, Greece and 
Estonia with 73.55 %, 59.1 % and 50.9 % (Figure 4). 
Spain, the Czech Republic, Lithuania, Poland and 
Portugal have 47 %, 42.5 %, 42.3 %, 42.3 % and 
40.5 %.
Ireland has the highest onshore wind share within 
the renewables in 2020, with 39.4 %, Greece, Spain 
and Portugal have 28.5 %, 27.5 % and 20.5 % (Figure 
16 and Figure 17). 
The biggest relative change in onshore energy, 
compared to 2010, is expected in Slovenia, Slovakia, 
Romania and Cyprus, as shown in Figure 29.
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EU27 reported 41.324 GW offshore wind energy 
capacity potential in 2020 (with a share of 19.4 
% in the wind energy installed capacity by 2020. 
(BE and FI did not report separately the onshore and offshore wind resources)
Figure 32: Offshore wind development 
However, it strongly depends on how competitive 
are the costs. 
Estonia, Latvia, Portugal and Spain will not 
introduce offshore wind before 2015, and Poland 
will start only in 2020. In these countries, starting 
from later installation with an already established 
technology, it means no technology risk, however 
can mean a capital risk in achieving the 2020 
targets. 
The offshore wind energy by 2020, reported in the 
NREAPs, is 483.08 PJ in EU27, which represents 4.7 
% of the renewable energy mix (Table 18).
The offshore wind generation share reported in the 
NREAPs will reach 30 % of the wind electricity by 
2020 and the share of the RES electricity 11.2 % 
(Figure 3), with a yearly average growth of 29.2 %. 
Leading countries 
UK and Germany presented the highest offshore 
wind energy production by 2020 (with an amount of 
159.3 PJ and 114.74 PJ), and represent 56.7 % of the 
total offshore wind electricity production in EU27. 
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With France and the Netherlands (65 PJ and 68.75 
PJ) together these four countries give 84.4 % of the 
offshore wind energy. 
The highest offshore wind share within the 
renewables electricity is in Malta, the Netherlands 
and UK with 50 %, 37.8 % and 37.7 % (Figure 4). 
Estonia and Denmark have 29.4 % and 25.8 %.
Malta has the highest offshore wind share within the 
renewables in 2020, with 34.1 %, the Netherlands, 
the UK and Denmark have 22.3 %, 18.54 % and 9.04 
% (Figure 16 and Figure 17). 
The biggest relative change in offshore energy, 
compared to 2010, is expected in Germany and the 
Netherlands, as shown in Figure 32.
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The geothermal energy by 2020, reported in the 
NREAPs, is 149.74 PJ in EU27, which represents 
1.5 % of the renewable energy mix. It triplicates 
between 2010 and 2020 (Table 18).
Table 28 Indicator for the geothermal technology 
Country
R&D Million EUR [30] Geothermal energy in the NREAPs in PJ
2009 2010 2010 2020
BE .. .. 0.134 0.344
BG 0 0 0.042 0.378
CZ 0.732 .. 0.000 0.630
DK 2.126 .. 0.000 0.000
DE 13.95 9.889 1.526 34.785
EE 0.000 0.000
IE 0.432 .. 0.000 0.000
EL .. .. 1.008 4.800
ES .. .. 0.160 1.482
FR 7.141 .. 7.063 22.715
IT 2.014 5 29.831 36.977
CY 0 0 0.000 0.000
LV 0.000 0.000
LT 0.126 0.210
LU .. .. 0.000 0.000
HU .. .. 4.242 16.475
MT 0.000 0.000
NL 0.102 .. 1.638 10.878
AT 0.371 .. 0.805 1.687
PL .. .. 0.966 7.476
PT .. .. 1.009 2.812
RO 1.050 3.360
SI 0.756 0.840
SK 0.465 0.498 0.126 3.888
FI .. .. 0.000 0.000
SE .. .. 0.000 0.000
UK 4.906 1.369 0.000 0.000
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Hungary has the highest geothermal share in the 
renewables in 2020 with 13.7 % (Figure 17), Slovakia 
has 5.5 %, Italy 4.1 % and the Netherlands 3.5 %. 
Hungary and Italy have the highest geothermal 
share in the renewables electricity, with 7.3 and 
7 % (Figure 4); Hungary, the Netherlands and 
Slovakia have the highest geothermal share in the 
renewable Heating and Cooling (Figure 10), with 
19.2 %, 11.9 % and 11 %.
Italy, Germany, France and Hungary have the 
highest production in geothermal energy by 2020 
(with an amount of 36.98 PJ, 34.79 PJ, 22.72 PJ and 
16.47 PJ). These four countries represent 74 % of 
the total geothermal energy production in EU 27. In 
2005 France and Italy had the highest geothermal 
utilisation.
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Figure 33: Geothermal utilization development 
The biggest relative change in geothermal energy, 
compared to 2010, is expected in Slovakia and 
Germany, where the geothermal energy generation 
will be more than thirty- and twenty-fold in 2020, 
as shown in Figure 33. In Slovenia geothermal 
utilization will not change.
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Figure 34: Final energy from biomass - development 
VMVM^ M( D?@$/CC
According to the NREAPs, use of biomass electricity, 
heating and cooling and biofuels in transport is 
estimated at about 5,880 PJ (140 Mtoe) as final 
energy in 2020, including biofuels with 1,243.9 PJ. 
Biomass represents 45.2 % and biofuels 12.1 % of 
the renewable energy mix (Table 18).
Latvia, Lithuania, Estonia, Finland and the Czech 
Republic have the highest biomass share (without 
biofuels) within the renewables in 2020 with 77.9 
%, 76.4 %, 74 %, 72.1 % and 70.1 % (Figure 17). 
The biggest relative change in biomass energy, com-
pared to 2010, is expected in Malta, UK, Luxembourg 
and Belgium, as can be seen in Figure 34.
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The NREAPs estimate that 5,384.2 PJ (128.6 Mtoe) 
domestic biomass will be available for energy 
production in 2020 in EU27. This will come mainly 
from biomass from forestry with 2,851.2 PJ (68.1 
Mtoe), biomass from agriculture and fisheries with 
1,695.7 PJ (40.5 Mtoe) and biomass form waste 
837.4 PJ (20.0 Mtoe). In comparison, the European 
Environment Agency [7] estimated the available 
biomass potential for the EU25 at 9,839.0 PJ (235 
Mtoe): 39.2 Mtoe from forestry, 95.7 Mtoe from 
agriculture and 99.9 Mtoe from waste.
According to AEBIOM, in 2007 EU27 used about 
41,198 PJ (98.4 Mtoe) biomass: 1,394.2 PJ (33.3 
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Mtoe) for bio-electricity, 2,574.9 (61.5 Mtoe) heating 
and cooling and 329.8 PJ (7.877) Mtoe biofuels. The 
primary energy consumption of biomass in EU27 
further increased to about 4,132.4 PJ (98.7 Mtoe) 
in 2008 (of which 2,989.4 PJ (71.4 Mtoe) solid 
biomass, 334.9 PJ (8.0 Mtoe) biogas, 314.0 PJ (7.5 
Mtoe) MSW and 494.0 PJ (11.8 Mtoe) biofuels) and 
4,350.0 PJ (103.9 Mtoe) in 2009 (of which 3,089.9 
PJ (73.8 Mtoe) solid biomass, 347.5 PJ (8.3 Mtoe) 
biogas, 322.4 PJ (7.7 Mtoe) MSW and 586.2 PJ (14 
Mtoe) biofuels) (according to EurObserv’ER, 2010). 
For 2005, on the basis of the NREAP data, we esti-
mate that EU27 used PJ 3,165.2 PJ (75.0 Mtoe) bio-
!"#$$%'(*)(A%;#($0123'#(%)(A%
,(V'"#(1,(3)**.%;#12)3'B*,%B'#1)$$%2#3,(3')*%'(%6=6=
$
%$$
'$$
)$$
+$$
#X$$$
#X%$$
#X'$$
#X)$$
C
D
C
E F
G
H
I
H
D
D
D JD D
K
D
L MN J
O
F
P KQ K
O
KR S
R
T
O
U
K
@
O
V
K
V
O
N
W L
J
L
I MJ L
D
R
I
89
<09560.!>915688!A1:8=5<491: >915688!<143:4967!]DD@!^
mass, of which 954.6 PJ (22.8 Mtoe) for electric-
ity, 2,202.3 PJ (52.6 Mtoe) for heating and cooling 
and 3.1 Mtoe biofuels. Based on the NREAPs, we 
estimate that 7,594.9 PJ (181.4 Mtoe) biomass will 
be required in 2020 to reach the proposed targets: 
6,355.6 PJ (151 Mtoe) for electricity, heating and 
cooling and 1,240.9 PJ (29.6 Mtoe) for biofuels. 
Thus, compared with the available biomass 
potential in the EU, estimated by the EEA in 2006, 
the proposed targets for bioenergy and biofuels 
could be reached using domestic biomass. Different 
countries use the biomass potential to a different 
extent (Figure 35). 
Figure 35: Primary biomass consumption and biomass potential
Thus, the expected biomass consumption to reach 
the proposed targets is higher than the estimated 
biomass potential for Belgium, Denmark and the 
Netherlands, where biomass import should play 
an important role. For other MSs, the expected 
biomass consumption is close to the estimated 
biomass potential (Czech Republic, Germany, 
Finland, Sweden, Ireland, Latvia and Portugal), 
which means that there is no large margin for 
increase. In several MSs, the biomass consumption 
could be further increased, since there is still large 
biomass potential unused (Austria, Greece, Spain, 
France, Lithuania and Romania), while in a few others 
(Estonia, Lithuania, Poland, Slovenia and Slovakia) 
the expected biomass consumption to reach the 
targets is less than 50% of biomass potential.
79
8JK(J"7"&"4#"(J"L@&.
Leading countries
The most important contribution of biomass for 
electricity, heating and cooling and biofuels shall 
be in Germany with 1,371 PJ (32.8 Mtoe), France 
with 977.0 PJ (23.3 Mtoe), UK with 634.1 PJ (15.1 
Mtoe), Italy with 599.6 PJ (14.3 Mtoe), Sweden with 
553.0 PJ (13.2 Mtoe) (Figure 35).
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The contribution to electricity made by bioenergy 
will be 837.7 PJ (231,971 GWh) in 2020, representing 
19.4 % of RES electricity. The biomass electricity is 
expected to increase from 245.1 PJ (69,039 GWh) 
produced in 2005 to 837.73 PJ (231,971 GWh) in 
2020, 3.4 times more than in 2005 (592.63 PJ 
(162,932 GWh) increase), see Figure 3. 
Compared with almost 954.6 PJ (22.8 Mtoe) biomass 
used in 2005 for electricity production, 1,394.2 PJ 
(33.3 Mtoe) biomass was used in 2007 (AEBIOM), 
about 3,177.8 PJ (75.9 Mtoe) of biomass is expected 
to be used for electricity generation in 2020. 
The contribution to electricity made by solid 
biomass will be 155,246 GWh, biogas will produce 
63,978 GWh and bioliquids will produce 12,747 
GWh of electricity in 2020. A share of renewable 
electricity (53.6% of bio-electricity) or 124,231 
GWh will be produced by means of CHP in 2020. In 
comparison, an amount of 32,598 GWh of electricity 
was produced in CHP plants in 2005 (47.2% of bio-
electricity). 
Leading countries
Germany should remain the leading MS with the 
highest electricity generation from biomass with 
49,457 GWh, which represents 21.3% of the total 
biomass electricity in EU27. The next important 
electricity producers will be UK (26,160 GWh), Italy 
(18,780 GWh), France (17,171 GWh), Sweden (16,753 
GWh) and the Netherlands (16,639 GWh). The first 
three leading countries in bio-electricity production 
(Germany, UK and Italy) will contribute with almost 
40.7% to the electricity generation in EU27, while 
the first five (Germany, UK, Italy, France, Sweden 
and the Netherlands) will have a share of 55.3% in 
bio-electricity production in EU27 (Figure 36). 
The leading countries in electricity generation in 
CHP are expected to be Germany (20,791 GWh), 
France (17,171 GWh), Sweden (16,754 GWh), Finland 
(12,340 GWh), Denmark (8,838 GWh) and the 
Netherlands (8,289 GWh).
Figure 36: Bioelectricity production in 2020
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In biomass heating, solid biomass will provide 
3,391.2 PJ (81.0 Mtoe), biogas will provide 187.1 PJ 
(4.5 Mtoe) and bioliquids will provide 209.3 PJ (5.0 
Mtoe) of heating and cooling in 2020. According to 
the NREAPs submitted by all MSs, the proposed 
target will mean an increase in the use of heating 
and cooling from biomass from 2,210.3 PJ (52.6 
Mtoe) in 2005 to 3,798.2 PJ (90.5 Mtoe) in 2020, e.g. 
an increase of 70%. 
The contribution of biomass from district heating 
plants is expected to have a more than three-fold 
increase. District heating using biomass directly for 
heat from DH installations will increase from 244.8 
PJ (5.8 Mtoe) in 2005 to 743.6 PJ (17.8 Mtoe) in 2020 
and biomass from district heating will have a share 
of 18.1% in biomass heating. 
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Biomass is used largely in households for heating 
in fireplaces and stoves. The contribution of 
biomass used in households is expected to have a 
limited increase from 1,138.9 PJ (27.2 Mtoe) in 2005 
to 1,464.5 PJ (35.0 Mtoe), to represent 37.7% of the 
biomass used for heating in 2020, compared with 
25.5% share of biomass used in households. 
Leading countries
France is the leading MS with the highest heating 
and cooling generation from biomass with 668.8 PJ 
(16,455 ktoe), which represents 18.2 % of the total 
H&C from biomass in EU27. The next important 
electricity producers will be Germany (475.3 PJ 
or 11,355 ktoe), Sweden (397.3 PJ or 9,491 ktoe), 
Finland (276.7 PJ or 6,610 ktoe), Italy (237.3 PJ or 
5.670 ktoe) and Poland (207.2 PJ or 4,950 ktoe) 
(Figure 37). The first three leading countries in 
bio-electricity production (France, Germany and 
Sweden) will contribute with almost 41.2% to the 
heating and cooling from biomass in EU27, while 
the first five (France, Germany, Sweden, Finland, 
Italy and Poland) will have a share of 54.8% in 
biomass heating and cooling production in EU27. 
From the point of view of biomass use in households, 
France will have the leading role in 2020, with 134.0 
PJ (3,200 ktoe) representing 18.0% of the biomass 
use in households. Other leading MSs in the use 
of biomass in households are Sweden with 131.5 
PJ (3,141 ktoe) Germany with 107.2 PJ (2,560 ktoe), 
Denmark with 62.2 PJ (1,486 ktoe), Romania with 
54.4 PJ (1,300 ktoe) and Finland with 52.8 PJ (1,260 
ktoe). The first three countries (France, Sweden 
and Germany) will use just more than 50% of the 
biomass used in households in EU27. 
District heating with biomass will be mainly used 
in France with 309.8 PJ (7,400 ktoe), representing 
18.2% of the district heating and cooling in EU27. 
Other MSs with important district heating using 
biomass will be Germany with 250.2 PJ (5,975 ktoe), 
Italy with 151.6 PJ (3,620 ktoe), Austria with 121.6 
PJ (2,905 ktoe) and Romania with 112.0 PJ (2,676 
ktoe). The first three countries (France, Germany 
and Italy) will have a share of 48.2% of the district 
heating production from biomass.
VMVMaM( D?@75"6
The final energy from biofuel by 2020, reported in 
the NREAPs, is 1,240 PJ in EU27, which represents 
12.1 % of the renewable energy mix. (Table 18).
The yearly average growth is 6.62 %, however does 
not show a stable increase or decrease, it is very 
variable, which can mean a policy and capital risk. 
Leading countries 
Germany, UK, France, Spain and Italy presented the 
highest amount in biofuel by 2020, and altogether 
they represent 65.5 % of the total final biofuel 
production in EU 27. 
Luxembourg, Malta, UK and Ireland have the 
highest biofuel share within the renewables in 2020 
with 55.2 %, 23.5 %, 20.6 % and 20 % (Figure 16 
and Figure 17). 
The biggest relative change compared to 2010 
in biofuel is expected in Estonia, Denmark and 
Bulgaria, as can be seen in Figure 38.
Of the biofuels use estimated at 1,239.9 PJ (29.615) 
Mtoe in 2020, the greatest contribution in 2020 
is expected from biodiesel with 906.5 PJ (21.583 
Mtoe), followed by bioethanol/bio-ETBE with 
306.2 PJ (7.289 Mtoe) and other biofuels (such 
as biogas, vegetable oils, etc.) with 31.2 PJ (0.743 
Mtoe). According to the NREAPs submitted by all 
MSs, the contribution of hydrogen will be only 0.1 
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Figure 37: Biomass heating and cooling in 2020
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PJ (2.4 ktoe). Article 21(2) biofuels will contribute 
by 111.7 PJ (2.7 Mtoe), representing about 9% of the 
biofuel consumption in EU27 in 2020. Electricity 
is expected to have a contribution of 131.5 PJ 
(3.1 Mtoe) in 2020, of which 29.3 PJ (0.7 Mtoe) in 
non-road transport. In comparison, according to 
the NREAPs, biofuel consumption was 130.0 PJ 
(3.1 Mtoe) in 2005. Biofuel consumption further 
increased to 333.6 PJ (8.0 Mtoe or 2.6%) in 2007, 
427.9 PJ (10.2 Mtoe or 3.4%) in 2008 and 506.5 PJ 
(12.1 Mtoe or 4.4% of energy use in transport) in 
2009, according to EurObserv’ER. 
Leading countries
The use of biofuel in transport should increase to 
1,240 PJ (29.7 Mtoe). The leading countries in the 
field of biofuel consumption will be Germany with 
229.1 PJ (5,473 ktoe), UK with 176.1 PJ (4,205 ktoe), 
France with 153.2 PJ (3,660 ktoe), Spain with 146.7 
PJ (3,504 ktoe), Italy with 105.9 PJ (2,530 ktoe) 
and Poland with 82.4 PJ (1,968 ktoe). The main 
biodiesel users will be Germany with 186 PJ (4443 
ktoe), Spain with 129.8 PJ (3,100 ktoe), France with 
119.3 PJ (2,850 ktoe), UK with 103.1 PJ (2,462 ktoe), 
Italy with 78.7 PJ (1,880 ktoe) and Poland with 60.8 
PJ (1,451 ktoe). The main bio-ethanol users should 
be Germany with 35.9 PJ (857 ktoe), UK with 73.0 
PJ (1743 ktoe), France with 27.2 PJ (650 ktoe), Italy 
with 25.1 PJ (600 ktoe), Sweden with 19.5 PJ (465 
ktoe) and Poland with 18.9 PJ (451 ktoe) (Figure 39).
The use of biofuels from wastes, residues, non-
food cellulosic material and lignocellulosic material 
(Article 21.2 biofuels) is expected to reach 106 
PJ and a share of 9.0% of the biofuel use in the 
EU in 2020. Several countries, however, do not 
expect to have any contribution from biofuels from 
wastes, residues, non-food cellulosic material and 
lignocellulosic material (Austria, Estonia, Greece, 
<,*)3'V,%B'#K0,*%-"#S34%3#%6=@=
$ #$$ %$$ &$$ '$$ ($$ )$$
CD
CE
FG
HI
HD
DD
JD
DK
DL
MN
JO
FP
KQ
KO
KR
SR
TO
UK
@O
VK
VO
NW
LJ
LI
MJ
LD
RI
H
%$%$_%$#$!!!!%$#$`#$$B
,,&&
))*
+'%
['#K0,*%03'*'W)3'#(%A,V,*#21,(3%
$ ($ #$$ #($ %$$
CD
CE
FG
HI
HD
DD
JD
DK
DL
MN
JO
FP
KQ
KO
KR
SR
TO
UK
@O
VK
VO
NW
LJ
LI
MJ
LD
RI
89
%$%$ %$#$ %$$(
Figure 38: Biofuel utilization development 
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Lithuania, Luxembourg, Slovenia and UK) while 
others should have a negligible consumption 
(Germany, France, Ireland, Portugal). Cyprus expect 
to have the entire consumption of biofuels coming 
from Article 21.2 Biofuels (Figure 40).  
The NREAP data show that in 2020 about 463.3 
PJ (11.1 Mtoe) biofuels should be imported by the 
MSs in order to reach the 10% binding target. This 
should represent 37.4% of the biofuel use in the EU 
in 2020. However, a part of this could come from 
internal EU trade and a part should be imported 
from other countries to the EU. The share of biofuels 
import at the level of MSs is expected to vary from 
0% in several countries (Belgium, Estonia, Finland, 
Hungary, Lithuania, Poland, Portugal, Romania, 
Slovenia and Slovakia) to 100% import in other 
countries (Denmark and Luxembourg). However, 
a number of countries should import more than 
50% of their expected consumption of biofuels 
(Cyprus, Germany, Ireland, Malta, the Netherlands 
and UK). It is not clear how much biofuel should 
be domestically produced in the EU and how much 
should be imported from outside the EU; a part of 
this import could be internal EU trade and a part of 
it should be imported from other countries to the 
EU (Figure 41). 
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The marine energy (ocean, tide, waves) reported 
in the NREAPs by 2020 is 21.64 PJ in EU27, which 
represents 0.2 % of the renewable energy mix. 
Between 2010 and 2020, the amount becomes 
twenty times more (Table 18).
Six countries, UK, France, Portugal Ireland, Spain 
and Italy, reported production in marine energy by 
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Figure 39: Biofuel use in transport Figure 40: Share of Biofuels Article 21.2 in total biofuel 
use in transport
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2020, the highest amount is in the UK and France with 
14.26 and 4.15 PJ; these two countries represent the 
85 % of the total marine energy production in EU 27 
(UK alone the 66 %). France was the only Member 
State with marine energy in 2005 and 2010.
UK, Ireland and Portugal have the highest marine 
energy share within the renewable electricity, with 
3.4, 1.5 and 1.2 % (Figure 4). 
UK and Italy have the highest marine share within 
the renewables in 2020 with 1.7 % and 0.9 % (Figure 
16 and Figure 17). 
There is not a large scale marine industry at the 
moment, only prototypes and the capability that the 
sector grows has to be proved. There is a technology 
and therefore also a capital risk as well.
The biggest relative change in marine energy, 
compared to 2010, is expected in Portugal and 
Spain, as can be seen in Figure 42 (next page).
Table 29: Indicator for the 
marine technology 
Country
R&D Million EUR 
[30]
Marine energy in 
the NREAPs in PJ
2009 2010 2010 2020
DK 6.30 2.24 0.000 0.000
DE 2.76 0.76 0.000 0.000
IE 3.88 .. 0.000 0.831
ES 0.21 0.12 0.000 0.794
FR 2.19 .. 1.806 4.153
IT .. .. 0.000 0.018
NL 0.31 .. 0.000 0.000
AT 0.24 .. 0.000 0.000
PT 0.04 .. 0.004 1.578
SE 1.12 8.64 0.000 0.000
UK 9.02 35.82 0.000 14.265
VMVM+*M(B"/.(L5$LC
Heat pump is a conversion technology, considering 
it as a renewable energy source can only be if the 
support energy is coming from RES, otherwise 
not. The NREAP template gave an indication and 
calculation method, the template should have been 
filled in accordingly. In the assessment data have 
been taken from the template as they have been 
provided by MSs, in the assessment no correction 
and weighting has been applied. 
The heat pump energy reported in the NREAPs by 
2020 is 510.37 PJ in EU27, which represents the 5 
% of the renewable energy mix. Between 2010 and 
2020 the amount triplicates (Table 18).
The highest energy production by heat pump is in 
Italy, UK, France, Germany and Sweden with 121.8, 
94.67, 77.7, 48.1 and 43.9 PJ. These five countries 
represent almost the 76 % of the total heat pump 
energy production in EU 27. 
UK, Italy, the Netherlands and Luxembourg have 
the highest heat pump energy share within the 
renewable heat with 36.3, 27.4, 17.3 and 15.7 % 
(Figure 10). 
Italy and UK have the highest heat pump share 
within the renewables in 2020 with 13.6 % and 11 
% (Figure 17). 
The biggest relative change in heat pump energy, 
compared to 2010, is expected in Hungary, Greece, 
UK and Luxembourg, where the heat pump energy 
generation will be more than twenty- and ten-fold 
in 2020, as shown in Figure 43.
Figure 41: Import share of total biofuel in transport
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Figure 42: Marine resource development * deployment starts later than 2010
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During the assessment of the NREAPs, the possible 
risk factors of the RES technologies by Member 
State have been identified and summarised in Table 
30. These risks can mean difficulties for the Member 
States in achieving the set targets. The definition 
of the different risk categories (resource risk, 
technology risk, policy (capital) risk, mobilisation 
risk and import dependency risk) can be found 
in Chapter 1.1 “Definitions”. There are also some 
factors emphasised, which is still a barrier 
in the spread of a certain technology (like 
grid development, or big variability in the 
development).
Some risks can appear also as a consequence 
of another risk, therefore in some technologies 
more than one risk category can be identified, this 
means a combined risk. For example, in the case 
of a technology – even if from a resource point of 
view it can be achievable, if the industry does not 
develops because there is no market the long-term 
technical improvement has to be proved. There 
can be a technology and therefore also a capital 
risk as well.
In the case of a later start of an already established 
technology a capital risk appears, the starting year 
of the technology has been also presented in the 
table.
Table 30 summarises also the main risks for EU27 
total. As a conclusion it can be stated that:
• Capital risks due to the late introduction appear 
in more EU Member States in the geothermal 
technology in electricity production (from 2013), 
in CSP technology for solar electricity (2014-
2015), marine technology (2015-2016), and in 
some cases the onshore and offshore wind re-
sources (around 2014-2015). 
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Figure 43: Heat pump utilization development 
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• For all not yet commercial available technology 
there is an economic risk once the technology 
is ready.
• Marine technology has first a technology risk 
because the technology is not yet commercially 
available; as a consequence, the planned late 
introduction of the technology might fail or be 
hampered if competing RES technologies have 
already achieved much cheaper levelled cost of 
electricity, this means also capital risk for this 
technology.
• Especially in the spread of onshore wind tech-
nology, grid development is needed. 
• Resource risk appears in some MSs in 
the case of biomass. This means that the 
bioenergy presented cannot be covered by the 
environmentally and commercially competitive 
resources available by 2020. 
• In the case of biofuels, one third of the coun-
tries rely on import. In order to reach the targets 
these MSs have import dependency.
• Second generation biofuel has technology risk.
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Table 30: Risk of RES (P – capital risk, T - technology risk, R - resource risk, G – grid development needed, O – overambitious, 
I– reliance on import/import dependency, M-mobilisation, V – variable growth rate)
MS consumption
Hydro
Geothermal Solar
electricity H&C PV CSP TH
BE
P 
late 
introduction 
2018
P 
BG
P 
2017; 2020
P, T (2011 
and 2016)
P 
2010-2013
CZ P 2013
DK
DE
EE
IE
EL O 2014 P 2015
ES P late 2018
2015
FR Ref scen too 
high P 2012 
IT High growth 
1300 %
CY P 2014
LV
LT Late
RES
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Table 30: Risk of RES (P – capital risk, T - technology risk, R - resource risk, G – grid development needed, O – overambitious, 
I– reliance on import/import dependency, M-mobilisation, V – variable growth rate)
MS Marine Hydrogen
Wind
Heat pump
Biomass
Biofuel
Onshore Offshore resources Electr. H&C
BE R
BG
P 
2016; 
CHP higher than 
bioenergy 
CZ
P there is no 
competitive 
resource
M
DK G R I
DE G V, I
EE
No EEA 
data about 
competitive
G 
P 
2016
IE
T
P late
G G R, M I
EL G
G
P late 2017
ES T => P
P 2014
G
M
P 2010 
I
FR T => P
P from 2012 
G
P from 
2012
G
IT
T
P 2016
G
G
P 2013
CY R I
LV P 2016 From 2013 M V
LT
Measures 
needed for 
increase 
biomass plant 
capacity
V
RES
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MS consumption
Hydro
Geothermal Solar
electricity H&C PV CSP TH
LU High growth 
1000 %
HU
P late start 
2013 
2016,2018 
growth
High growth 
1200%
MT
NL T eval
AT O
PL P 2019-2020
P 2010;
2017
High growth 
2300%
PT
(T) P high 
growth 
rate
RO
SI
SK High growth 
1400%
FI
SE O
UK
EU27 total
P 
late 2013
2018
P 
2014-2015
RES
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MS Marine Hydrogen
Wind
Heat pump
Biomass
Biofuel
Onshore Offshore resources Electr. H&C
LU
P there is no 
competitive
P 2010/2011
P 2015 I
HU
G
P there is no 
competitive 
R growth 
46 %
V V
MT
P 2014-2017
G
R V I
NL R, I I
AT 
PL G
G
P Start 
2020
R 
18 %
PT
T
P 2015
G
G
P 2015
M V
RO V
SI
P there is no 
competitive 
P 2015;2019
SK
P there is no 
competitive 
P 
2012;2013;2015
R 38 %
FI
P 
On- offshore is 
not separately
Underestimated
M
V V
SE G G
T operating 
hours growth 
from 3000 to 
7500
IMPORTS 
needed
M
UK
T => P
P 2016
G G V I
EU27 
total
T => P
2015-2016
P 2015
G
G 
P 2014-
2015-2016
R 
high growth 
rate
T, R, M, IMPORT
RES
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4. Trajectory  
and RES share
This chapter presents a comparison of the trajectory 
and the RES share in the NREAPs.
Most of the EU Member States are optimistic about 
the way to meet their target from only domestic 
action and resources (even more optimistic than in 
the forecast documents). The NREAP documents of 
the Member States forecast that the EU in 2020 will 
exceed the 20 % Renewable Energy consumption 
target with 0.7 %. From the NREAP analysis it can be 
expected that probably each year the EU will reach 
a net surplus also in the interim period until 2020, 
as presented in Figure 44. 
RES Surplus
RES surplus compared to the targets appears for 
20 Member States by the year 2020, as presented 
in Figure 45. Germany and Spain have the highest 
percentage in relative values with 2.7 % - only by 
taking into account the Additional Energy efficiency 
Scenario. Germany and Spain have the highest 
surplus in absolute term with 128.325 PJ(3.065 
Mtoe) and 110.95 PJ (2.65 Mtoe) respectively. 
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Seven Member States – Finland, Estonia, Belgium, 
Ireland, Luxembourg, Italy, UK – show RES deficit 
compared to the targets in 2020, the highest deficit 
proportion (-2.1 %) is in Italy, representing the 
highest absolute deficit with a -57.066 PJ (-1.363 
Mtoe).
Interim trajected RES surplus and deficit to the 
targets
Only one country shows interim deficit: 
Luxembourg, all the other MSs forecasted surplus 
compared to the interim targets within the period 
between 2010 and 2018.  
Figure 44: The RES surplus or deficit between 2010 an 2020 in EU27
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Figure 45: The indicative and NREAP share of the Renewable Energies in EU27 by 2020
Figure 46: The indicative share of the Renewable Energies and NREAP RES surplus or deficit in EU 27 by 2020
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Table 31: The interim trajected RES Surplus or deficit to 
the targets in the MSs
PJ 2012 2014 2016 2018 2020
2020 
target % 
trajectory
2020 
target % 
NREAP
difference
BE 13.33 22.23 24.54 25.59 -0.15 25 24.9 -0.1
BG 6.06 13.09 17.81 16.05 11.94 14 15.1 1.1
CZ 32.83 39.11 37.38 29.60 4.92 15 15.4 0.4
DK 34.45 46.37 38.85 27.17 6.53 14 14.5 0.5
DE 295.75 297.46 270.24 250.06 128.33 16 18.7 2.7
EE 2.97 3.95 3.25 2.63 -0.08 13 13.0 0.0
IE 17.67 22.29 18.90 13.72 -1.34 16 15.8 -0.2
EL 24.97 36.49 40.01 35.75 22.18 18 20.2 2.2
ES 150.50 174.29 179.68 174.25 110.97 20 22.7 2.7
FR 128.94 173.43 185.56 158.87 17.06 13 14.5 1.5
IT 94.95 99.90 82.69 49.33 -57.08 11 8.9 -2.1
CY 1.63 2.36 1.98 1.83 0.36 24 24.1 0.1
LV 1.26 0.49 0.75 0.77 0.12 40 40.1 0.1
LT 2.73 6.79 9.32 10.42 3.20 13 13.4 0.4
LU -0.95 -0.41 -0.92 -1.65 -3.89 15 14.8 -0.2
HU 10.90 8.59 7.95 17.94 12.62 23 24.3 1.3
MT 0.12 0.49 0.49 0.68 0.05 31 31.0 0.0
NL 21.31 39.36 44.94 47.12 11.15 30 31.0 1.0
AT 54.92 49.70 41.17 28.63 2.03 23 23.3 0.3
PL 47.24 49.88 47.40 41.67 12.35 49 50.2 1.2
PT 38.64 34.06 32.52 28.38 0.38 34 34.2 0.2
RO 2.57 1.55 1.52 1.91 1.43 25 25.2 0.2
SI 1.77 2.93 4.02 3.94 0.47 10 10.2 0.2
SK 9.65 12.72 14.78 14.02 5.28 13 13.4 0.4
FI 6.87 8.85 9.79 12.08 -0.04 38 38.0 0.0
SE 62.98 68.12 65.52 54.77 20.36 18 19.6 1.6
UK 3.19 5.15 15.70 36.83 -13.66 17 16.0 -1.0
EU 27 total 1067.25 1219.24 1195.84 1082.33 295.52 20 20.7 0.7
Total 
surplus 1068.21 1219.65 1196.76 1083.99 371.75
deficit -0.95 -0.41 -0.92 -1.65 -76.23
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Figure 47: The share of RES in the total consumption by 2020 in EU27
P(D' 0-%-.A-.&%M'-"%5A$#"'>?*@!
In the NREAPs ten MSs reported surplus for the 
cooperation mechanism during the years until 
2020 (Bulgaria, Germany, Denmark, Spain, Estonia, 
Greece, Ireland, Malta, Poland, Slovakia). Interim 
surplus was reported by Italy and Lithuania, 
however Italy reported a need for the cooperation 
mechanism by 2020. Luxembourg and UK expect 
support from the cooperation mechanism 
throughout the years and also by 2020. 
94
8JK(J"7"&"4#"(J"L@&.
Technical Assessment of the Renewable Energy Action Plans
5. Conclusion 
According to the provisions of the Directive and 
the transmission of the templates, the National 
Renewable Energy Action Plans had to be submitted 
on 30 June 2010. However, due to a variety of 
circumstances, the delivery spanned the period 
April 2010 to February 2011. The JRC was asked by 
DG ENERGY to assist in the technical assessment 
of this large amount of data (some of the NREAPs 
consist of more than 100 pages). The focus in this 
work is the following: 
• Consistency of the energy reduction assump-
tions with the "National Energy Efficiency 
Plans", delivered by the MSs in 2009/2010, 
which have been also evaluated by the JRC.
• Subsequent verification of the achievement of 
an overall EU27 target of 20%. 
• Comparison of the proposed renewable 
resources with resource estimates done at 
the JRC. 
Taking into account the planned actions to 
reduce energy consumption (- 3% compared to 
2005), Europe would achieve a share of 20.7% of 
renewable sources by 2020, and a share of 11.7% 
of renewable energy for transport, if consumption 
would be reduced by 11% compared to 2005 levels. 
By 2020, only a few countries would lag behind 
their own national targets, however to a level which 
easily could be covered by the "burden-share" 
facility. Overall, the share of renewable sources 
would amount to 34% (up from 15%) for electricity 
generation, 21% (up from 10%) for the provision 
of heat and cooling, and 12% (up from 1.4%) for 
transport.
Most of the NREAPs indicate no reduction in 
electricity consumption by 2020, instead an 
increase, in contrast to their own National Energy 
Efficiency Action Plans
The plans indicate that the share of electricity 
from renewables would increase to 34% and be 
larger than the estimated share of nuclear energy 
in electricity generation (30%). Also renewable 
sources for heat show a similar increase of 71% 
over the ten-year period 2010-2020. Biofuels in the 
NREAPs are planned to be more than doubled.
Share of Renewable Energy Sources as of NREAPs; relative
2005 2010 (from NREAP) 2020 2020/2010
Electricity 15.2% 19.4% 33.9% +75%
Heat & Cooling 9.8% 12.5% 21.4% +71%
Transport 1.4% 5.1% 11.7% +129%
All sectors 8.5% 11.6% 20.7% +78%
However, the following table shows the additional 
renewable sources in absolute terms, with the 
electricity generation exhibiting the strongest 
growth in energy terms.
Share of Renewable Energy Sources as of NREAPs; absolute [Mtoe]
2005 2010 (from NREAP) 2020 2020-2010
Electricity 40.7 55.0 103.0 +48
Heat & Cooling 54.4 67.7 111.5 +43.8
Transport 3.1 14.0 29.4 +15.4
All sectors 98.5 137 244.1 +107.1
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From the NREAP one can draw the conclusion that 
most Member States opt for Biomass as a source to 
achieve their national targets, which is planned to 
take over 57% of all renewable resources by 2020, 
as shown in the table below. 140 Mtoe of Biomass 
is 55 Mtoe (65%) more than estimated for 2010, 
and includes the additional 17 Mtoe of Biofuels for 
Transport, and an additional 10 Mtoe for Electricity 
generation. 
Technology Pathways in 2020 according to NREAPs
NREAP 2020 Energy 
[Mtoe] Share of RES
RES Share of Energy 
Consumption
Hydro 30.1 12.4% 2.6%
Wind 42.5 17.4% 3.6%
Solar 15.2 6.3% 1.3%
Geothermal 15.2 6.3% 1.3%
Biomass 140 57.2% 11.9%
Other 1 0.4% 0.0%
244 100.0% 20.7%
Assessment of available resources
The pathways the MSs envisage to achieve 
their national targets need a comparison with 
the potential for renewable energy sources 
in each country, in order to contribute to the 
recommendations the European Commission may 
feed back into the NREAPs. The JRC’s Resource 
Assessment is currently limited to the major 
contributing technologies, namely Wind, Solar 
and Biomass, as for Hydro energy, practically 
no increase is foreseen.18 Based on the estimate 
of resources, the JRC proposes some significant 
indicators which allow to get an overview on how 
strong a MS makes best use of its own resources.
Solar (JRC PV-GIS)
As a resource map, the JRC PV-GIS system is 
used, which, based on a detailed geographical 
information system (both satellite and ground-
based data are used) can model the yields for all 
solar technologies (Photovoltaic, Concentrating 
Solar Power, Solar Thermal) with high resolution 
(100x100 m grid).
As an indicator, the per-capita density of solar 
panels (m2/cap) was chosen, ranging from 1.5 m2 
in northern Europe to 8 m2/cap in southern Europe, 
both for solar PV and CSP, as well as for solar 
18 For Geothermal energy the status of resource assessment 
is very fragmented.
thermal. This is significantly less than half of the 
current roof areas and takes into account making 
the best use of investment. 
Almost all of the Member States remain far behind 
this potential, sometimes even by a factor of 
ten. In particular, the sunniest countries exploit 
their potential to a much lesser extent than mid-
European countries. Some countries the solar 
sector already achieved its 2020 target in 2010 
due to a good incentive system. The considerable 
decrease of costs of solar technologies has not yet 
been sufficiently taken into consideration during 
the time of preparation of the NREAPs. 
Wind (EEA assessment Report)
The basis for the resource assessment is a com-
prehensive study of the European Environmental 
Agency, which was calculating, also using a Geo-
graphical Information System, the wind energy 
potential in Europe, which is both environmen-
tally compatible and already now cost-competitive 
(<60€/MWh). The report has a comprehensive 
table of such potential for all EU27. Our indica-
tor is the ratio of the planned wind-capacity to 
these maximum values. As the EEA report put the 
competitive potential for wind energy in Europe 
onshore (not offshore), only onshore data of the 
plans have been used for the indicators. 
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Even though some of the windier Member States 
take up the opportunity to foresee a higher share 
of wind energy in their electricity supply, they 
foresee for 2020 to use only below 10% of this 
competitive potential. Only Austria targets 60% of 
its competitive potential.
Biomass
There are a variety of studies, but in order to be on 
the environmental impact issue on the conservative 
side, we chose again studies from EEA, enhanced 
where required by our own studies, in particular 
regarding sources for Biofuels.
Energy from Biomass can be generated by many 
pathways, can be converted to solid, liquid or 
gaseous forms and then used for combustion in 
transport and electricity generation, or for heating 
and cooling. Moreover, as sources, many agricultural 
and waste residuals can be used, together with 
woodchips from short rotation forestry, Biogas 
from manure and, most importantly, direct grown 
feedstock for direct ethanol or diesel production. 
Consequently, there cannot be one single resource 
assessment, as the underlying assumptions depend 
on each other, and in particular on mechanisms 
which shift the agriculture for food or fuel balance. 
The indicators reveal that the proposed fraction of 
Biomass-based energy will almost certainly exceed 
the limits, given by current food production or use 
of wooden resources. Consequently, a large amount 
of the Biomass resources will need to be imported 
(otherwise more food would need to be imported).
Possibilities for exchange mechanism
Some of the MSs has indicated the possibility for 
statistical exchange and rely on the exploitation 
of own resources. Some Member States which 
would not achieve their targets, prescribed by 
the trajectory, indicate the requirement for this 
exchange, but with no detail. As an overall objective 
of 20% energy from renewable resources to be 
met by the sum of all MSs’ targets, there is this 
possibility to negotiate such a statistical exchange.
The strong focus on Bioenergy
A more detailed assessment of the envisaged use of 
biomass for energy production is still required and 
pending, taking into account the problems indicated 
as before. This should allow to assess more precisely 
the impact on the agricultural system in Europe, 
the availability of 2nd generation Biofuel plants 
and the consequences for agricultural exports/
imports. From the NREAPs, one can already, as of 
now, determine the most probable ratio between 
bio-ethanol and bio-diesel production (about 3:1). 
Transport Targets by Biofuels and Electric / H2 
vehicles
From the NREAPs one can deduce that there is very 
little scope for renewable sources of energy for 
transport other than rail. If 2.5 % of the current fleet 
of passenger cars in Europe (~200 Mio.) were to be 
powered by electricity from renewable resources, 
one percentage point of the 10% target for transport 
energy would be replaced by renewable electricity. 
However, current policies on electro-mobility and 
the rapid progress of Li-based battery technology 
may well lead to the required amount of 5 Mio cars. 
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7. Annex
S(D' VM6AA%"2
Gross final energy consumption – represents the 
energy supplied in industry, transport, households, 
the service sector, including the public sector, 
agriculture, forestry and fishery, including the 
electricity and heat consumed by the energy sector 
for the electricity and heat production and losses of 
electricity and heat in distribution and transfer (as 
defined in the RES Directive).
Final energy consumption is the total energy 
consumed by end users, such as households, 
industry, agriculture, transport, services, others. It 
is the energy which reaches the final consumer and 
excludes that which is used by the energy sector 
itself. 
Gross inland energy consumption is the total energy 
demand of a country or region, which is necessary 
to satisfy inland consumption of that entity. 
Primary energy consumption is the total 
consumption of a country or region, of energy 
that has not been subjected to any conversion or 
transformation process after extraction, that is the 
energy contained in raw fuels as well as other forms 
of energy received as input to a system. 
Biomass potential: the amount of biomass which 
is available for energy production in a country of 
region. Various types of biomass potentials can 
be distinguished: theoretical, technical, economic, 
implementation and environmentally or ecologically 
sustainable potentials.
Nominal capacity of solar thermal collectors - 
Nominal Capacity of glazed flat plate collectors and 
evacuated tubular collectors are the instantaneous 
thermal output of the collector under specific 
operation conditions: 1000 W/m²,  20  °C.
Specific Nominal Capacity of a collector is the 
nominal capacity divided by its exposed aperture 
(absorber) area.
S(K' B5.-A'%57'&65/#"A.65'$%&-6"A
General conversion factors for energy
1 Mtoe = 41.868 PJ = 11.63 TWh 
1 ktoe = 41.868 TJ = 11.63 GWh 
1 PJ = 0.278 TWh = 0.024 Mtoe 
1 TWh = 3.6 PJ = 0.086 Mtoe 
1 TJ = 277.8 MWh
S(O' ;#-%.M#7'?*0'$.N,"#AU'-%FM#A
2005* 2010 2011 2012 2013 2014
Hydro 1180.87 1204.79 1203.53 1208.09 1213.97 1221.08
Geothermal 37.84 49.89 55.35 60.69 67.63 75.73
Solar total 35.04 132.90 183.48 222.67 261.77 302.26
    Solar electricity 6.57 76.90 114.19 142.68 168.26 193.70
PV 6.60 72.74 104.41 125.99 145.83 166.16
CSP 0.00 4.16 9.78 16.69 22.43 27.54
    Solar thermal 28.47 56.00 69.29 79.98 93.51 108.57
Marine 1.93 1.81 1.81 2.08 2.36 2.72
Wind total 256.79 594.28 686.84 783.44 891.12 1003.34
    onshore 241.40 557.02 634.32 705.07 772.04 845.62
    offshore 6.94 30.74 42.07 62.67 97.41 130.84
Heat pump 25.83 168.64 197.13 226.59 249.96 275.52
Biomass 2455.41 3002.62 3126.16 3250.84 3397.04 3535.87
Biofuel 125.51 583.71 637.33 687.86 705.86 769.87
Total RES 4119.22 5738.65 6091.63 6442.25 6789.70 7186.38
* MT and HU did not report the RES generation data for 2005 
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2015 2016 2017 2018 2019 2020 CAGR  2020/2010
Hydro 1225.10 1228.91 1240.94 1246.90 1254.68 1265.04 0.5
Geothermal 83.04 94.78 106.37 120.34 132.66 149.40 11.6
Solar total 345.91 396.00 448.97 507.20 569.25 639.22 17.0
    Solar electricity 219.43 247.04 275.72 305.88 338.29 373.19 17.1
PV 186.77 208.17 230.16 252.86 276.40 301.10 15.3
CSP 32.66 38.87 45.56 53.02 61.89 72.09 33.0
    Solar thermal 126.48 148.96 173.25 201.32 230.96 266.03 16.9
Marine 3.12 6.09 9.32 12.55 16.78 21.64 28.2
Wind total 1114.56 1236.05 1365.82 1504.05 1634.87 1786.07 11.6
    onshore 917.92 980.07 1041.45 1110.72 1170.51 1237.77 8.3
    offshore 165.66 216.54 277.28 339.76 404.61 483.08 31.7
Heat pump 304.42 338.01 373.59 414.19 455.98 510.37 11.7
Biomass 3682.44 3846.86 4026.45 4208.20 4434.50 4635.95 4.4
Biofuel 820.97 878.58 975.12 1043.22 1105.22 1231.31 7.8
Total RES 7579.54 8025.28 8546.59 9056.65 9603.94 10239.00 6.0
<,(,S)B*,$%'(%6==>?%6=@=%)(A%6=6=%'(%34,%+567%
hydro geo thermal s o lar marine wind heat pump bio mas s bio fuel
6=@=
6=6=
6==>
Figure 48: RES breakdown by source in EU27 from 2005 to 2020 in PJ
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Figure 49: PV potential and NREAP data in 2020 by the Member States
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NREAP – National Renewable Energy Action Plan
NEEAP – National Energy Efficiency Action Plan
MS – Member State
H&C – Heating and Cooling
AEE – Additional Energy Efficiency Scenario
REF – Reference Scenario
ESTIF – European Solar Thermal Industry 
Federation
EEA – European Environment Agency
AEBIOM – European Biomass Association
EREC - European Renewable Energy Council
CHP – Combined Heat and Power 
CSP – Concentrated Solar Power 
CAGR – Compound Annual Growth Rate
AMD – Advanced Market Deployment Scenario
BAU – Business as Usual scenario
RESTMAC – EU RES Technology Marketing 
Campaigns
RDP – Full R&D and Policy scenario 
COP – Coefficient of Performance
LPI - Low Policy Intensity 
STCF - solar thermal conversion factor
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